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FOREWORD

This report presents the description of a computer code which was devel-
oped to perform detailed fatigue crack-growth analysis on a cycle-by-cycle
basis. This computer code is a two-dimensional crack-growth analysis routine.
An improved load interaction model which accounts for both tht tensile overload
retardation and compressive load acceleration effects of a spectrum loading
has been implemented in this program. The development effort of this computer
code was under Air Force Contract F33615-77-C-3121, Project 2401, "Structural
Mechanics," Task 240101, "Structural Integrity for Military Aerospace
Vehicles," Work Unit 24010120, entitled "Improved Methods for Predicting
Spectrum Loading Effects." This contract was administrated by the Flight
Dynamics Laboratory of the Air Force Wright Aeronautical Laboratories, Wright-
Patterson Air Force Base, Ohio. R.M. Engle (AFWAL/FIBE) was the Air Force
project engineer

This development effort was conducted by personnel from the Fatigue and
Fracture Mechanics Group, Dynamics Technology, Structure Systems, under the
direction of George Fitch, Jr., supervisor, Joseph S. Rosentha., manager, and
Dr. Leslie M. Lackman, director. James B. Chang was the program manager and
principal investigator. Edward Klein was the original developer of this com-
puter code.
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9 Section I

INTRODUCTION

This document describes a computer program which was developed to per-
form detailed fatigue crack growth analysis on a cycle-by-cycle basis. The
fatigue crack growth prediction method incorporated in this computer code is
an improved methodology based on state-of-the-art technologies. The develop-
ment effort and correlation of the analytical predictions to the test data
were documented in reference 1.

The baseline fatigue crack growth rate equation chosen in the program
was the modified Walker equation (reference 2) with variable threshold stress
intensity factor range. The generalized Willenborg retardation model (refer-
ence 3) and the Chang acceleration scheme (reference 4) were selected to
handle the complex load interaction effects in a spectrum loading which
include tensile overload retardation, and faster crack growth caused by
the existence of the compressive load in compression-tension (negative stress
ratio) cycles.

Reduction of the overload retardation effect when the overload is fol-
lowed by a compression load is also accounted for using a reduction of the
effective overload plastic zone size approach formulated by Chang (reference
1). The linear approximation method proposed by Vroman which was widely used
in existing computer programs such as EFFGRO (reference 5) and CRACKS (refer-
ence 6) was adopted as the damage accumulation scheme. To account for the
shape-change effect of a part-through crack (PTC), such as the surface flaw
and a single corner crack at a fastener hole, the two-dimension (2-D) crack
growth analysis approach used by many existing crack growth codes, including
Rockwell's FLAGRO (reference 7) and NASA's CRACK (reference 8), was adopted
in this computer program. The 2-D crack-growth-analysis approach assumes that
growth in the two principal directions of a part-through crack is a function
of the stress intensity factors at the extreme points in each direction. Te
CRKGRO program also provides the I-D crack-growth-analysis option for the nart-
through cracks.

A collection of stress-intensity-factor solutions for various through-
crack (TC) and PTC configurations has been incorporated into this program
through a CRACK LIBRARY module which consists of 10 subroutines, each con-
taining a specific stress-intensity-factor solution for a specific crack geom-
etry. There are eight additional dummy routines stored in the program, which
provides the user the capability for adding new stress-intensity-factor solu-
tions for the crack geometries needed to be considered.

The program provides the option for counting the cycles for spectrum
loadings through the range-pair counting routine built into the program. The
program also provides the option to perform parametric studies on parameters
which dominate the degree of damage such as the design limit stresses.



The CRKGRO program also provides four options for presenting the crack
growth history in graphical plotting format. These options are (1) crack size
versus number of flights, a versus N, (2) crack growth rates versus number of
flights, da/dF versus N, (3) crack growth rate versus crack sizes, da/dF ver-
sus a, and (4) crack growth rate versus the maximum stress intensity factor
per flight, da/dF versus Kmax. For a parametric study, a maximum of seven
curves can be plotted on one chart in order to provide the user a clear
picture.

2



Section II

TECHNICAL DISCUSSION

The technical approach used in this computer program is applicable pri-
marily for metallic structures which contain cracks or crack-like flaws sub-
jected to cyclic loadings. The crack growth analysis methodology was developed
based on linear elastic fracture mechanics (LEFM) principles; i.e., the
range of crack-tip stress intensity factor, AK, is the controlling parameter
for characterizing the cyclic crack growth rates.

This section includes a discussion of each of the following elements
which form the overall analysis methodology incorporated in the program:
fatigue crack-growth-rate equation, load interaction model, damage accumula-
tion scheme, and stress-intensity-factor solutions.

FATIWGE CRACK-GROWTH-RATE EQUATION

For constant-amplitude loadings, the baseline fatigue crack-growth-rate
equations used in this program are the modified Walker equation (reference 2)
for positive stress ratios and the Chang equation (reference 4) for negative
stress ratios. In mathematical forms, they can be expressed as follows:

For AK > AKth, R 0

da/dN = C [AK/(l-R)Im] n ,  _ 4 R' R = R
+ - +cut' cut

For AK > AKth , R < 0

dadNC[(+R)K n R R ,R=R

da/dN = C [(1 + R 2) max] , Rcut,

R<R- ,R=R-
cut cut

For AK £, AKth

da/dN 0

where C and n are the growth rate constants; m is the stress-ratio collapsing
factor, q is the acceleration exponent, and Rut are the cutoff values for the
stress ratios, either positive or negative.

3
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The threshold stress-intensity-factor range AKth is determined by

AK = ( - AR) AKt
th

0

where AKtho is the threshold value of the stress-intensity-factor range obtained
from R - 0 constant amplitude tests; A is an empirical constant determined from
constant-amplitude test data with various stress ratios.

A detailed description on the Procedure for the determination of the
crack-growth-rate constants is in Appendix A.

LOAD INTERACTION MODEL

Various load interaction effects on the crack growth behavior under spec-
trum loadings have been observed. The important effects are:

1. Tensile overloads cause significant retardation of the crack growth.

2. Compressive loads accelerate crack growth rates. Furthermore, a
campressive load immediately following the tensile overload
reduces the retardation effect introduced by the tensile overload.

TENSILE OVERLOAD RETARDATION MODEL

To account for the retardation effect, the generalized Willenborg model
(reference 3) is adopted in this program. The generalized Willenborg model
can be written in the following form:

roL/ a\/
(K.)f K (V K I (1 - -K.

L a oL / _ maxJ

4= (I1- (K /K ]/RS, - 1)
max~max

where K-a x is the stress-intensity-factor corresponding to the maximum
remotely applied stress, K oL is the stress-intensity-factor corresponding to
the maximum stress of the overload, Aa is the incremental growth following

4



the overload, ZoL is the overload interaction zone size. RSO is the overload

shutoff ratio which is defined as:

RSO max/ mx

For spectrum loading, the effective stress-intensity-factor range and

effective stress ratio which are used in CRKGRO, are ex*pressed in terms of the
maximum and minimum effective stress intensity factors as follows:

AK =(K - (K.)eff max eff mineff

Reff =(K mineff/(Kmax)eff

In the load-interaction-accounted-for option, the program utilizes the follow-
ing equation to account for tensile overload retardation effect:

For AKeff > AKth, Ref f > 0

daidN = C[( K)f/(l Ref)l-mn < R+  -
-ef ef eff cut' eff eff

> >R R =R+
eff cut' eff cut

For Aeff : AKth

da/dN 0

where C, n, m and R± . are the same crack-growth-rate parameters described
under "Fatigue Crack- rowth-Rate Equation." The threshold values of the
stress-intensity-factor range are also identical to those used in the constant-
amplitude cases.

C(N'RESSIVE LOAD ACCELERATION MODEL

If the effective stress ratio is negative; i.e., Reff < 0, the thang
negative stress ratio equation is used in this program, which accounts for
the compressive load acceleration effect:

da/dN = C(I + (K )en R Rcut' Rff Reff

R <R R =R
eff cut' eff cut

where q is the acceleration index determined from test data generated for a
specific negative stress ratio (R < 0) and its R = 0 counterpart.
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The reduction of the overload retardation effect caused by a compressive
spike load inmediately following the tensile overload is accoumted for by
CRKGRO through an effective overload interaction zone concept proposed by
Chang (reference 1). The effective overload interactive zone is defined in
terms of the negative effective stress ratio (Reff < 0) as:

(ZoL)eff (1 + Reff) (ZoL), Reff  R cut , R eff  Ref f

R < R R Reff cut' Reff = Rcut

where ZoL is the plastic zone size introduced by the tensile overload.

In CRKGRO, the plane strain plastic zone size is used if the stress inten-
sity factor at the maximum depth for a part-through crack is to be calculated.
The plane stress plastic zone size is used at the length direction for TC's
and PTC's. The plane stress and plane strain plastic zone sizes are:

(ZoLplane strain ;7r (ty
K 2

1Z max\(ZoL)plane stress 2r Fty

where Fty is the material tensile yield strength.

DAMAGE ACCUMLATION SCHE4E

The Vroman linear approximation method has been incorporated into this
computer program as the damage accumulation scheme. The following paragraphs
briefly describe the method.

For a given load spectrum as shown in table 1, the Vroman damage accumu-
lation scheme proceeds by considering a load step (i) and using O".... and

Omini to calculate (da/dN)i. The value of (O.Ola)/(da/N)i is then compared
to Ni, where 'a" is the instantaneous crack size. If (O.Ola)/(da/dN)i is
greater than Ni, then the crack growth for that particular load step is
Aa = Ni x(da/dN)i, the crack has then grown from "a" to (a + Aa), and the
program proceeds to the next load step.

If (O.Ola)/(da/dN)i is less than or equal to Ni, the crack size will be
(a + 0.Ola), and this load step is reexamined. This process continues with
(O.Ola)/(da/dN)i being compared to the remaining cycles in the step. When all
load steps in the block or flight have been examined, the program then proceeds
to the first step of the next block (or flight) and continues.

6
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TABLE 1. A TYPICAL STRESS SPECTRUI TABLE (SCHI-ATIC)

No. of cyc/
Step Max stress Min stress block (flight)

Umax 'minl N1

2 TN 2max 2min2N 2

0 max. )min3

1 1 N.

7



STRESS- INTENSITY-FACTOR SOUJTIONS

Two major types of crack geometry are considered in this program: TC and
PTC. Crack-tip stress-intensity-factor solutions for commonly detected TC
and PTC are incorporated into the CRACK LIBRARY module of this program. The
CRACK LIBRARY module consists of separate subroutines, each containing one set
of stress- intensity- factor solution.

For PTC's, this program accounts for the shape-change effects through
the 2-D crack-growth-analysis approach. The 2-D crack-growth-analysis approach
assumes that growth in the two principal directions of a PTC can be character-
ized by the stress-intensity-factors at the extreme points of each direction.
In constant-amplitude loadings for example, the crack growth rates at the two
extreme points, A and B, of a surface crack as shown in Figure 1 are calculated
by CRKGRO using the following set of equations:

l-mA nA
da/dN = CA [AKA/(l - R)

dc/dN = CB [AKB/(1 - R) l-mBI n B

where C, n, mA and cB, n__ m are the material's crack-growth-rate param-
eters a Aong the depth and e ength directions, respectively; R is the cyclic

stress ratio, and A.KA and AKB are the stress-intensity-factor range at the
maximu depth and length points, respectively.

The stress intensity factors at the maximum depth point A, and the maxi-
mum length point B built into CRKGRO are prepared using the compound solution
format. In general, these can be expressed as:

K [FA ( ' b \ ) -1Q at the maximum depth

SB ' a' ]c at the maximum length

where a is the depth, c is the half-length for a surface crack, t is the thick-
ness of the structure, b is the half-width of the structure, Q is the shape
factor, and FA and FB are the geometrical magnification factors for the maxi-
mum depth point A and the maximum length point B as shown in Figure 1.

In CRKGRO, the geometrical magnification factors are in a polynomial for-
mat. For the surface crack shown in figure 1, the geometrical magnification
factors are derived from the general surface crack stress-intensity-factor
solution proposed by Newman (reference 9). At point B, the solution was
derived from 0 = 100 as suggested by Newman (Reference 12).

8
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Figure 1. A Typical Surface Crack Configuration
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At point A (o 900)

1.13 - 0.09 (a/c) + 0.89 o.41/ \
FA 1 (0.2 + a/c)' jt/

+ [0.5 + 14 (1 - a/c)t2 4

I -(0.65 + a/c) 1't)

At point B, (o 100) 2b e /(

FB 0.89 2

1.13 -. 09(a/c) + 00.54 ()
B 1 (0.2 + a/c)

+ .5 (0.65+ a/c) + 14 (1 - a/c,24]

x{[l.1 + 0.35(a/t)21~ se(

The shape factor Q used in CRKGRO is also in a closed-form solution format
which was formulated by Newman (reference 10) as:

Q = (1 + 1.464 (a/c) 1 )

A collection of stress-intensity-factor solutions for various TC and PTC
configurations has been incorporated into CRKGRO through a CRACK LIBRAF.Y mod-
ule which consists of separate subroutines, each containing one stress-
intensity-factor solution. A crack code system is used in CRKGRO. rigure 2
shows the crack geometries with the corresponding assigned code numLer. For
example, crack code 1010 is the surface flaw and 2010 is the centered T(.
Each PTC subroutine has two sets of solutions, KA and KB. The stress intensity
factor for a shallow crack (a/c < 1) and for a deep crack (a/c > 1) are inclu-
ded in the same subroutine. Ten stress-intensity-factor solutions have been
incorporated in the CRACK LIBRARY module. Appendix B contains these solutions.

For part-through cracks, the CRKGR) program also provides the one-
dimensional (I-D) crack growth analysis options. For the I-D option, only the
stress intensity factor at the maximum depth of a PTC is calculated. The aspect
ratio (a/2c) is assumed to be constant through the whole period of the growth
of the PTC, i.e., the shape change of a PTC is not accounted for in the crack
growth analysis.

The I-D stress intensity factor solutions for various part-through cracks
such as the surface crack, the edge corner crack,-are presented also in
Appendix B. These solutions are somewhat different than its 2-D option coun-
terpart due to the fact that the shape change effect is not accounted for in
the 1-D option, they were formulated using the compound solution technique with
the average value using for geometry correction factor.

10



II

,1

CODE NO. DESCRIPTION GEOMETRY

1010 SURFACE CRACK. CENTERED A

1030 ONE CORNER CRACK FROM
CENTERED OPEN HOLE

1064 TWO CORNER CRACKS FROM
CENTERED OPEN HOLE

1070 ONE CORNER EDGE CRACK

2010 THROUGH-CRACK, CENTERED

2020 ONE THROUGH-CRACK FROM
CENTERED OPEN HOLE

2030 TWO THROUGH-CRACKS FROM
CENTERED OPEN HOLE

2040 ONE THROUGH-EDGE CRACK

2050 TWO THROUGH-EDGE CRACKS

2060 ASTM COMPACT SPECIMEN

Figure 2. Crack Library
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Section III

PROGRAM OUTLINES

This computer code is called a detail crack growth analysi:, program and
its identification is CRKGRO. A program flowchart is shown in figure 3.
CRKGRO consists of 34 subroutines, of which 18 are basic to the stress-
intensity-factor calculations identified as the CRACK LIBRARY. Currently, 10
stress-intensity-factor solutions have been incorporated into CRKGRO.
Appendix B shows these 10 stress-intensity-factor solutions. The other eight
subroutines are the dummy subroutines, in which a new stress-intensity-factor
solution can be coded into the program.

1. dCKGRO - overall supervisory routine

2. CNTER - centers titles with assigned fields

3. CICCN - converts characters to binary

4. CMBCD - moves BCD charac -ers from one FORTRAN array to another

S. COCEN - converts binary to characters

6. CRIT - computes the critical crack length without growing the
crack

7. CYCCNT - performs range-pair counting of the spectran

8. GROW supervisory crack growth routine

9. GETDAT gets control card information

10. INPUT - reads the input data, consisting of the crack-growth-rate
equation and load interaction model parameters, material
and geometric constants, spectrum input, and output controls

11. LIBBD provides titles for crack library; i.e., stress-intensity-
factor solutions

12. NEWLFN - changes file name in FIT for versatile file number input
when spectra are stored.

13. NU BER - converts a character to an integer

14. OITPLT - nrints the echo of the input data and control printout
options

12
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15. PLOT plots the grid, labeling, and data points for subroutine

PTPARM

16. PTPARM - directs plotting of crack growth analysis results

I
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Section IV

CRKGRO INPUT DATA DECK

The input data deck for CRKGRO is described in this section. A brief
description of each type of input data card is presented in the following list,
the overall deck setup is shown in figure 4, and a detailed description of
each card follows

Card Description

la "TITLE" keyword
lb Title cards
Ic "END" keyword

2a "MATERIAL" keyword
2b Material description card
2c Crack-growth-rate equation constants
2d Material properties

3a "THRESHOLD" keyword
3b Delta K-threshold and variable delta K-threshold constant

4a "LIMITS" keyword
4b Initial and final crack sizes and stress ratio cutoff values

5a "ANALYSIS" keyword
Sb Load interaction specifications
Sc Crack code and crack geometry
5d Limit stresses

ba "SPECTRUM" keyword
6b Spectrum title card
6c Spectrum scale factor, range-pair counting option, and file

number
6d Keyword for spectrnu type, '"MAX-MIN," "R-DELTA,"

",EXN-ALT," and flight mission segment title
6e Stress spectrum and occurrences
6f "END" keyword
6g "END SPECTRUm' keyword
6h Mission mix
6i Number of flights per block

17



Card Description

7a " OUTPUT" keyword
7b Print and plot options
7c Plotter type
7d Plot types and scaling

8 "END DATA" keyword

18
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CARD 8

END DATA CARD

I CARDS 7A-7D
OUTPUT CARDS

CARDS 6A-61
SPECTRUM CARDS T

CARDS 5A-5D
ANALYSIS CARDS

ARDS 
4A-48LIMI T CARDS

I xj

CARDS 3A-3B
THRESHOLD VALUE CARDS

CARDS 2A-2D
MATERIAL CARDS

CARDS ]A-IC \K
TITLE CARDS

Figure 4. CRKGRO Input Deck Setup
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INPUTr DATA CARD la

Description: Title card keyword

Format and Example:

Column 1 5 6 80

OPTION

ITITLE

Field Contents

OPTION "TITLE" keyword, beginning in column 1

Remarks: This card initiates the input of the title cards.

20



INPUT DATA CARDS NO. lb

Description: Title cards

Format and Example:

Column 1 72 80

TITLE(l) through TITLE (18)

BENCHMARK 443 FOR A DOUBLE CORNER CRACK

Field Contents

TITLE (I), Any alphanumeric information which the user desires to
I = 1, 18 input for problem identification

Remarks: There is no limit to the number of title cards input.
All title cards are printed on the first page of output,
but only the first title card is printed on succeeding
pages and all plots.

21



INPUT DATA CARD ic

Description: Termination of title card input

Format and Example:

Column 1 3 4 go

OPTION

END

Field Contents

OPTION "END" keyword, beg'nning in column 1 for terminating title

card input

22



INPUT DATA CARD NO. 2a

Description: Material card keyword

Format and Example:

Column 1 8 9 80

OPTION

MATERIAL

Field Contents

OPTION 'MTERIAL" keyword, beginning in column 1.

Remarks: This card initiates the input of the material description,

crack-growth-rate constants, and static material properties.

23



INPUT DATA CARD NO. 2b

Description: Material description

Format and Example:

Column 1 60 70 80

MATID(l) through MATID(7) BISLP

2219-T851 ALUMINUM

Field Contents

MATID(I), Any Alphanumeric information which the user desires to
I = 1, 6 input for material identification. 60 columns can be

used for input

BISLP Option to use single or bi-sloDe crack growth rate
curves
Blank - analyze with single-slope rate curve
"BISLOPE" - analyze with bi-slope rate curve

24



INPUT DATA CARD NO. 2c

Description: Crack-growth-rate constants

Format and Example:

Column 1 10 20 30 40 s0

CSUBC EXPNC CBUBA EPNA EXPM

5.066 E-10 3.83 5.066 E-10 3.83 0.60

60 80

L 1.01

Field Contents

CSUBC Crack-growth-rate equation coefficient C used in dc/dN
equation c

EXPNC Crack-growth-rate equation exponent n used in dc/dN
equation C

CSUBA Crack-growth-rate equation coefficient C used in da/dN
equation a

EXPNA Crack-growth-rate equation exponent n used in da/dN
equation a

EXPM Positive stress ratio collapsing factor m used in the
modified Walker equation

EXPQ Negative stress ratio acceleration index q used in the
Chang Pquation

Remk: 1. CSIYBC and CSTJBA must be in ksi units.

2. If the "BISLOPE" option is used (see card 2b) an extra
input card is required for the lower part of the rate
curve. This card is similar to card 2c, where CSUBCL,
EXPNCL, CSJBAL, EXPNAL, EXPML, EXPQL is as defined
above but for the lower part i.e. region I of the da/dN
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versus AK rate curve, with the additional input values
of TRANSL and ATLEV in columns 61-65 and 66-72,
respectively.

TRANSL - AK at transition from upper to lower curve
(e.g.: 3.7)

ATLEV - the level of da/dN at transition from upper to
lower curve (e.g.: 1.0 -07)

INPUT DATA CARD 2d

Description: Material properties

Format and Example:

Column 1 10 20 30 80

CKC AKIC SIGMAY

65. 45. 48.

Field Contents

CKC Plane stress fracture toughness Kc(ksi 4r-.) used for the
through-crack instability criterion

AKIC Plane strain fracture toughness Kir(ksi .i.n.) used for the
part-through-crack instability criterion

SIGMAY Material yield strength, a ty(ksi)
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I
INPUT DATA CARD 3a

tDescription: Threshold keyword card

Format and Example:

Column 1 9 80

OPTION

THRESHOLD

Field Contents

OPTION "THRESHOLY' keyword, beginning in column I

Remarks: This card initiates the input for the AK threshold option.

I
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INPL~r DATA CARD 3b

lkscription: Delta K-threshold and Constant

Format and Exangle:

Colum 1 10 20 80

DELniC'H THA II
2.5 1.01

Field Contents

DELKIH The fixed threshold value of AK at R o,

A4Kt (Ks'iJ~h.)

THA The variable threshold constant

Re-marks AK t AK th 0 (1-AR)
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INPUT DATA CARD 4a

t Description: Limits keyword card

Format and Example:

Column 1 6 80

OPTION

LIMITS

Field Contents

OPTION "LTMITS" keyword, beginning in column 1

Remarks: This card initiates the input of the initial and final
crack sizes and stress ratio cutoff values.
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IN\PfT DATA CARD 4b

Description: Initial and final crack sizes and stress ratio cutoff values

Format and Example:

Column 1 10 20 30 40 50 60

CINIT CF AINIT AF RCUT RCUMN

0.06 0.90 0.06 0.5 0.75 -0.50

Field Contents

CINIT Initial crack length (in.)

CF Final crack length (in.)

AINIT Initial crack depth (in.)

AF Final crack depth (in.)

RCUT The cutoff value of the positive stress ratio "R+," above
which the material is assumed to have no stress ratio layering
effect on the crack growth.

RCUTN The cutoff value of the negative stress ratio "R-," below
which the material is assumed to have no acceleration effect
on the crack growth

Remarks: 1. If CF = 0, or blank, CF will be set equal to:

a. the half width - for surface and center-thru
cracks

b. the width - for edge cracks

c. the (half width-radius) - for cracks at holes.

Analysis will terminate when either the critical
crack size occurs or the crack length is equal tu CF.

2. If AINIT = 0. or blank, and the crack type is a part
through crack, the execution will terminate.

3. If AF = 0. or blank, AF will be set equal to the
thickness. Analysis will terminate when either the
critical crack size occurs or the crack depth is equal
to AF. 9
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4. RCUT must be in the range: 0.--6 RCUTl-" 1.

5. RCUTN must be in the range: -1.0 RCLIN:- 0.

INPUT DATA CARD Sa

Description: Analysis keyword card

Format and Example:

Column 1 8 80

OPTION

ANALYSIS

Field Contents

OPTION "ANALYSIS" keyword, beginning in column 1

Remarks: This card initiates the input of load interaction data, crack
code, crack geometry, and limit stresses.
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INPUT DATA CARD Sb

Description: Load interaction specification

Format and Exaiple:

Column 1 20 30 40

RET IRE YP RETDA

LOAD INTERACTION YES 3.0

Field Contents

RET "LOAD INTERACTION" keyword, beginning in colmn 1

RETTYP Load interaction application. If "NO" is input, no load
interaction will be considered in the analysis, and the com-
pressive minimum stresses will be set to zero. If RETTYP is
blank or "YES,"' overload retardation and compression acceler-
ation are considered. If "BOTW' is input, then both analyses
will be performed.

RETDA Retardation shutoff ratio

Remarks: The value of RErTYP must begin in column 21.
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INPUT DATA CARD Sc

Description: Crack code and crack geometry

Format and Example:

Column 1 4 811 20 30 40 50

CODE DIM WIDTH T RADIUS NBRK

1050 ONED 4.0 0.5 0.125 0

Field Contents

CODE Crack code consisting of four integers, beginning in
column 1

DIM Blank - Two-dimensional analysis

"ONED" - One-dimensional analysis, beginning in column S

WIDTH Width of structure, W = 2b (in.) for non-edge cracks

W = b (in.) for edge cracks

T Thickness of structure, t (in.)

RADIUS Radius of open hole, r (in.)

NBRK Control for transition from a part-through crack to a
through crack

For NBRK = 0, breakthrough occurs when a/t = 1. For 0 8
NBRK = 1, breakthrough occurs at a/t = 0.5 [1/0.86 (a/2c)]

Remarks: 1. Refer to figure 2 for a description of crack codes
available in the current version of CRKCRO.

4
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INPUT DATA CARD Sd

Description: Limit stresses and analysis control parameters

Format and Example:

Column 1 10 20 30

NLIM SIGLIM(l) INSTAB
3 10. BY MAX L I

1 10 20 30 40

SIGLIM(2) SIGLIM(3) SIGLIM(NLIM) _

.85 1.2 1 1

Field Contents

NLIM Number of limit stresses, integer, right-adjusted

SIGLIM(l) Limit stress in ksi

INSTAB Control for determining when instability is reached:

(Starting in column 21.)

"BY MAXIML' - by stress-intensity-factor value at
maximum sDectrum stress

"Blank" - by stress-intensity-factor value at limit stress

SIGLIM(I), Ratio of the ith limit stress to the first limit stress
I = 2,7

Remarks: 1. If NLIM is greater than 1, then a parametric study is
performed with the change in limit stress. The spectrum
stresses also change by the ratio of limit stress change.

2. Limit stress ratios, SIGLIM(2-7), are input in fields
of 10 on the next data card. A maximum of six limit
stress ratios may be input on this card.
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INPUT DATP CARD 6a

Description: SPECTRUM card keyword

Format and Example:

Column 1 10 80

OPTION

SPECTRUM

Field Contents

OPTION "SPECTRUv' keyword, beginning in column 1

Remarks: This card initiates the input of the spectrum data.
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INPUT DATA CARD 6b

Description: Spectrum title card

Format and Example:

Column 1 70 80

STITLE(l) through (7)

FIGHTER SPECTRUM

Field Contents

STITLE(I), Any alphanumeric information which the user desires to input
I = 1,7 for overall spectrum identification

Remarks: Only information in columns 1-70 is printed.
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INPUT DATA CARD 6c

Description: Spectrum scale factor, range-pair counting option and file

number for stored spectrum (if any)

Format and Example:

Column 1 10 is 20 80

FAC NRP NFILE

1.0 1 12

Field Contents

FAC Factor used to scale the spectrum

NRP Control for range-pairing each spectrum segment:

0 - no range-pair counting operation

1 - range-pair counting option

NFILE Unit number of file where spectrum is stored:

Blank - spectrum will be read in from cards

10-98 - spectrum will be read in from given file

Remarks: 1. All maximum and minimum stresses are scaled by the
value of FAC.

2. The values of NRP and NFILE are integers, right-adjusted.
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INPUT DATA CARD 6d

Description: Spectrum-type keyword and segment title

Format and Example:

Column 1 10 70 80

SPCTYP SEGTT(l) through SEGTTL(6)

MAX-MIN AIR-TO-GROUND SPECTRUM

Field Contents

SPCIYP Spectrum-type keyword defining the following data cards as
one of the following:

'AX-MIN" - maximum and minimum stresses are input

"R-DELTA" - stress ratio and delta stress are input

'MEAN" - mean and alternating stresses are input

SEGTTL(I) Mission segment description
I = 1, 6

Remarks: 1. The keyword for SPCTYP begins in column 1.

2. The mission segment description can be input in
columns 11-70.

3. Cards 6d to 6f must be repeated for as many segments as
there are in the spectrum to a maximum of 20 segments.
There is no limit to the number of steps per segment,
although a limit of 3,000 steps is established for the
entire spectrum.

4. This card should always be a part of the input deck
(not a part of a stored spectrum).
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INPUT DATA CARD 6e

Description: Stress spectrum

Format and Exanple:

Column 1 5 15 25 35

Si S2 CYCLES

12. -2. 1.

25. 10. .01

6.5 2.1 25.

8.4 5.2 500. OWOW

Field Contents

S1 Depending on the spectrum type, S1 is one of the following:

1. Maximum stress
2. Delta stress
3. Mean stress

S2 Depending on the spectrum type, S2 is one of the following:

1. Minimun stress
2. Stress ratio
3. Alternating stress

CYCLES Number of occurrences for each type of loading

Remarks: 1. The spectrum is considered to be in ksi units.

2. A value for CYCLES < 1 will be applied every (CYCLES)-
times. If CYCLES = 0.1, the loading will be applied
every 10th time that the flight segment is repeated.

3. A maximum of 3,000 steps is established for the
entire spectrum.

4. If the spectrum is in terms of % design limit stress,
the scale factor (card 6c) will convert the spectrum
into the correct stress level.
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INPUT DATA CARD 6f

Description: End-of-flight segment keyword card

Format and Example:

Column 1 10 80

ENDSEG

END

Field Contents

END6E "END" keyword, beginning in column 1 for terminating flight
segment spectrum input

Remarks: 1. The succeeding data card is either a flight-segment-type
card 6d or card 6g.

2. If the spectrum is stored on a file, then the keyword
"END" must also be stored on the file after each segment
and/or at the end of the spectrum.
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INPUT DATA CARD 6g

Description: End-of-spectrum keyword card

Format and Example:

Column 1 12 80

ENDSPC

END SPECTRUM

Field Contents

ENISPC "END SPECTRUM' keyword, beginning in column 1 for
terminating spectrum input

Remarks: This card should always be a part of the input deck (not
part of a stored spectrum).

4
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INPUT DATA CARD 6h

Description: Mission mix

Format and Example:

Colum 1 80

MISSION = NBLKS *Z(FACTORi*SEGMENTi)

MISSION = 2500 (2S1 + 3S2 + 1S1 + 2S3)

Field Contents

MISSION "MISSION =" keyword, starting in column 1

NBLKS Number of times the complete mission string is repeated

FACTORi Number of times the individual flight segment is repeated

SEI WNri Mission segment number preceded by the letter "S" for segment

Remarks: 1. The example illustrates an equation for mission mix.
The characters "MISSION =" are required to initiate the
mission mix. The parentheses are required, and the terms
between them describe a complete mission string. All
characters are free format.

2. The maximum number of individual mission segments is 20
(S1 ...... S20), and the maximum number of mission segment.s-
mix is 100 (SI+ .......

3. No limit is estc blished for NBLKS.

4. Other examples:

MISSION = 10000

MISSION = 500 (lSl + 1S2 + 1S3 + 1S4 + 1SS + 1S6
1SS + 1S4 + 1S3 + 1S2 + lSl + 1S2 + 1S3 +
1S4 + ISS + 1S6)

5. The last entry must be a " " sign for continuation of a

mission-mix. The end of the mix is a closing parenthesis.
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INPUT DATA CARD 6i

9 Description: Flights-per-block definition

Format and Example:

Column: 1 5 80

NFPB

25

Field Contents

NFPB Number of flights per block, integer, right-adjusted

Remarks: 1. This value is used for plotting only.
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INPUT DATA CARD 7a

Description: Output keyword card

Format and Example:

Colu 1 6 80

OPTION

OUTPUT

Field Contents

OPTION "CUTPUt' keyword, beginning in column 1

Remarks: This card initiates the input of printer and plotter controls.
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INPUT DATA CARD 7b

Description: Print and plot options

Format and Example:

Column 1 5 20 15 20 25 30 35 40 45

IPRSPC NBI NCRTI N MJ IPR721 kRTj INPRTJ L\NBLKI

1 10 1 1 0 1 0 -25

Field Contents

IPRSPC Control for printing the spectrum to be used

1 - print
0 - suppress print

NB Control for printing the crack growth history in increments
of NB number of blocks. The default value is 175.

NCRT Control for plotting and reading plotting data:

1 - read plotting parameters on succeeding cards
0 - no plotting

NJUMP Control for bypassing slow-growth steps:
-8

0 - bypass steps with a growth rate less than 10 and
AK-c. =A

max
x

1 - retain slow-growth steps in analysis

IPR72 Control for limiting the line size:

1 - printed output will have a 72-column width
0 - printed output will have a 108-column width

KPRT Control for printing stress intensity equations used

1 - print K equations
0 - do not print

45



INPUT DATA CARD 7b (Concluded)

Field Contents

INPRT Control for printing growth history of first block

1 - do not print
0 - print first block's growth

LNBLK Control for printing intermediate growth history

-i - growth of the first ith steps of each "NB"th block
will be printed

+i - growth of the last ith steps of each "NB"th block
will be printed

o - all steps of '"NB"th block will be printed

Remarks: If the spectrum is segmented and the first segment's number
of steps <LNBLK, printing will stop at the 1st segment-end
for "-i" or start at the last segment-start for "+1". First
block's print will also follow LNBLK's option.
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INPUT DATA CARD 7c

Description: Plotter-type specification

Format and Example:

Column 1 S 10 80

NPLTYP IBAUDI

1 0

Field Contents

NPLTYP Plotter type for DISSPLA processing:

1 - SC4020

2 - Tektronix

3 - Unipost or Calcomp

IBAUD Tektronix terminal line speed in characters per second
(used only when NPLTYP = 2)

Remarks: 1. All values are integers, right-adjusted.

2. Card 7c is input only if "NCRT" on card 7b is 1.
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INPT DATA CARD 7d

Description: Plot types and scaling parameters

Format and Example:

Column 1 S 10 15 20 25 30 50 55 60

OPT(l) OPT(2) OPT(3) OPT(4) SCALE SCALE --- SCALE SCALE
(1,1) (2,1) (1,4) (2,4)

1 1 1 0 0 0 1

Field Contents

OPT(1-4) Array specifying parameters to be plotted:

1 - plot
0 - no plot

OPT(l) = crack size versus life in flights
OPT(2) = crack growth rate versus life in flights Y vs X
OPT(3) = crack growth rate versus crack size
OPT(4) = crack growth rate versus maximum K

per flight max

SCALE(2,4) Array specifying linear, semilog, or log-log grid scaling:

1. SCALE(I,*) = 0 - X-axis is linear
1 - X-axis is log

2. SCALE(2,*) = 0 - Y-axis is linear
1 - Y-axis is log

Remarks: 1. All values are integers, right-adjusted.

2. For part-through cracks, separate plots are produced for
both crack length and depth.

3. Because one block represents the whole segment series or
mission-mix expression between the parentheses on card 6h,
the number of flights cn card 6i must reflect both the
multiple applications and segment repetitions.

4. Card 7d is input only if "NCRT" on card 7b is 1.
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INPUT DATA CARD 8

Description: End-of-data keyword card

Format and Example:

Column 1 8 80

OPTION

END DATA

Field Contents

OPTION "END DATA" keyword, beginning in column 1

Remarks: This card terminates the reading of input data. If no
input data errors were encountered, execution begins;
otherwise, the program is terminated.

49

,, t?



Section V

EXAMPLE CASES

This section presents two example cases which are designed to illustrate
the capability of the CRKGRO program and exercises most of the program options.
The first example is the crack growth prediction for a surface crack contained
in a finite width plate as shown in figure 1, subjected to spectrum loadings.
For the purpose of illustration, the spectrum selected for the analysis was a
small block of random flight spectrum which consists of 57 cycles. Each
cycle has different stress levels. The analysis was done by the two-dimension
crack growth analysis option. Crack growth rate constants used in the analysis
were the bi-slope constants. The following data were used in the analysis.

Material:

2219-T851 Aluminum Plate

Region II (upper slope) crack growth rate constants

C = 5.066 x 10-10 (in ksi unit)
n = 3.83

Bi-slope transition point:

da/dN = 6 x 10- 7 in/cyc AK = 5 ksivFi

Region I (lower slope) crack growth rate constants

C = 2.126 x 10-13 (in ksi unit)
n = 9.23

Crack growth rate parameters and fracture properties:

m = 0.6 a = 1.0

Kth = 2.S ksifin- A = 1.0
0

+
R cu t = +0.75 Rcut = -0.99

R = 3.0 o = 48 ksi
so ty

K lc 45 ksi V-7i Kc = 65 ksiJV-i

50
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Plate dimensions:

2b = 6.0 in. t 0.25 in.

Initial crack sizes:

a. 0.10 in. ai/2c 0.5

All the inpu- efnoes and the Drint-outs of the output including the
graphics a:e shown in the next few pages. Brief descriptions are provided
for each page of the output printouts.
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CRKGRO PROGRAM CRACK GROWTH ANALYSIS
SAnMPLE CASE FOR SURFACE FLAW

LORD INTERACTION CONSIDERED

0.80

0.71

0.70

0.65

0.60

0.5S
z

0.50

0.45

0.4Q

0.35

0.30

0.25

0.20

0.15

a -0516LIH 30. 00 KS[( 4.35 MPA!I
0.0 10.O 20.0.0 I.o iO.o 5000.0 6000.0

LIFE (FLIGHTS)
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tI

CRKGRO PROGRIM CRACK GRONTH ANALYSIS
SfMPLE CRSE FOR 5URFACE FLAW

LOAD INTERACTION CONSIDERED

0.24

0.22

Ln 0.20

0.28

w- 0.16

0.34

0.22

LEGEND
0.200.0 00.0052LIM -30. 00 K51( 4.35 MVfAi

LIFE (FLIGHT5)
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CRKGRO PROGRAM CRACK GROWTH ANALYSIS
SRM!PLE CAiSE FOR SURFACE FLfiW

LORD INTERACTION CONSIDERED

Li

IL

Ca

:- 30.00KS(.3 1I
0.0 IC&.o 206.0, 'mm. 400.0 500.0 6000.0
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CRKGRO PROGRIM CRiCK GROWTH IANALYS15
SRMPLC CASE FOR SURFICE FLAW

LORD INTERACTION CONSIDERED

10"4

Z r-

0.)

C3

0"

I o0

I LEGEND
F-S4  

IGLIM - 30.00 X51t 4.35 M 1
o 0.0 1 .O "3 0 060..0 4o.6.o " 000.0 6000.0

LIFE (FLIGHTS)
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CRKGRO PROGRAM CRACK GRONTH ANALYSIS
S1R.t1LE CRSE FOR SURFACE FLAWN

LOAD INTERACTION CONSIDERED

101-

Li

C,,

Li

I LEGEND
I 10 t- SIGLIM - 30.00 KSI 1 4.5 37D KI

.0 0.2 0.4 0.6 0.8 1. 0 1.2

H19LF CRACK LENGTH (INCHES)
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CRKGRO PROGRAM CRACK GROWJTH ANALYSIS
SAMPLE 059E FOR SURFA1CE FLAWk

LORD INTERACTION CONSIDERED

a-1

LEEN

[L51iM 3.0 S .5MA7xl -" ,

0.0 .2 .U,015 " ,0.m 0 .5
CRC ETH(NHS
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CRKGRO PROGRAM CRACK GROWTH ANALYS15
SAMPLE CASE FOR SURFACE FLAW

LOAD INTERACTION CONSIDERED

101/

,.

z - 0"

87

/3
-jEGN

""L" .1 ^

8La 1]
KMX0T K~SOTI]
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CRKGRO PROGRAM CRACK GROWTH ANALY515
SAMPLE CFaSE FOR 5URFRCE FLAW

LOAD INTERACTION CONSIDERED

I-

-

10-

.m o FuIn . . -SIOLIM - 30.00 K5I1 4.35 " 1A

HRr CRAlCK LENGTH (INCHE)
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The second example is a test data correlation case. Test data were
generated in Phase III experimeital verification program (Ref. 12). The test
specimen in this example case 's shown in figure 5, which is a 2219-T851
aluminum center-crack-tension (CCT) specimen. It is a standard ASTM specimen
used for da/dN testing. The initial half crack length was ci = 0.148 in,
which was the measured dimension after the application of 20,000 constant
amplitude precracking cycles. The test specimen was the fighter air-to-
ground (A-G) mission generated in Phase III of this research and development
work. Appendix C contains the peaks and valleys of the test spectrum in the
percentage of the design limit stress (% w lira) format.

Since the crack was a center through-crack, crack code 2010 was called-
out. The crack-growth-rate constants and load interaction model parameters
used in the prediction were as follows. In this example, the single-slope
crack growth rate data was used.

C = 5.066 x 1010 (in ksi unit) q = 1.0
+

n = 3.83 R = +0.75
cut

m = 0.6 Rut = -0.75

= 2.5 ksi 1n. A = 1.0
0th -

K = 6S ksi11 a = 48 ksic ty

R = 3.0so

Both the load-interaction and no load--interaction options were executed
in this example in order to illustrate the spectrum load interaction effects.
For the load interaction solution option, CRKGRO predicted the crack-growth
life was Np = 19 x 263 + 1,452/19 = 5,073 flights, or 19 x 4,997 + 1452 =
96,395 cycles. Compared to the test result (NT = 5,403 flights), the predic-
tion ratio is Np/NT = 0.94. The noload interaction prediction was"Np = 3,948
flights (75,016 cycles), compared to the test result, Np/NT = 0,73.

All the input echoes and the print-outs of the outputs are shown in
the next few pages.

80



9 in. Gjrain

Section A-A

A A T
, 0.25 in.

18 in.

Material
2219-T851 aluminum plate

3 ifl.

I:m -
6r

Figure S. Test Specimen Configuration
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9 Appendix A

SUGGESTED PROCEDURES FOR DETERMINING CRACK-GROWTH-RATE PARAMETERS

To use the CRKGRO program for fatigue crack growth life predictions, a
set of crack-growth-rate parameters should be determined for each material.
The following paragraphs briefly describe a procedure for determining those
parameters.

BASELINE CRACK-GROWTH-RATE CONSTANTS

Fatigue crack-growth-rate constants for the baseline (constant-amplitude)
crack-growth-rate equations used in CRKGRO are the coefficient C, exponents
n and m, in the following equation:

da/dN = C [(-R)m K maxIn  for R _!O

plotting the dependent variable da/dN against the independent variable
(l-R)m Kmax on a double logarithmic scale, the preceding equation represents
a straight line; i.e.,

In (da/dN) = In C + n f n [(l-R)m K ]

where n is the tangent of the angle of inclination and InC is the distance
of intersection with the In(da/dN) axis from the origin.

The procedures to determine the coefficient C and exponents n and m of
the preceding baseline crack-growth-rate equation for a specific material
are as follows:

1. Perform constant-amplitude fatigue crack growth test per ASTM
standard E-647 or equivalent specification. It is recommended to
perform the test with minimum four stress ratiosR=0, 0.3, 0.5 and
0.7.

2. Convert the crack size, a, versus the number of the elapsed cycles,
N, to the fatigue crack growth rate, da/dN, using any of the two
ASTM recommended data reduction techniques: the second method or
the incremental polynomial method.

3. Plot the independent variable [(l-R)m Kmax] versus the dependent
variable, da/dN, on log-log coordinates with assigned m-values,

either by hand or by a graphical routine such as PLOTRATE, developed
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by Chang et al (reference 11 ). It is recommended, in general, to
input the following set of m-values:

m = 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0

Note that if m = 1, the independent variable (l-R)Kmax = AK.

4. Examine each da/dN versus (l-R)m Kmax plot. The m-value of a plot
which shows the best stress ratio layer collapsing is the proper
value to be used in the analysis. A straight line is then drawn
either by eye-balling or computer, with least-square routine through
all the collapsing data points. The intersection of this straight
line with the in(da/dN) axis gives the C-value, while the tangent of
the angle of inclination of the straight line gives the value of n.
A typical plot generated by PLOTRATE for 2219-T851 aluminum is show
in figure A-1. It shows that m = 0.6 has the best collapsing on al
the data points at various stress ratios (R = 0.01, 0.2, 0.3, 0.S
and 0.7). The corresponding C- and n-values are

-10
C = 5.063 x 10 (in ksi unit)

n = 3.83

LOAD INTERACTION IDDEL PARAMETERS

Fatigue crack growth parameters to be used in the load interaction
model built into CRKGRO are the overload shutoff ratio, Rso, the acceleration
index, q, and the threshold intensity factor range at R = 0, AKtho-.

The overload shutoff ratio, Rso, and the threshold stress intensity
factor, Kth, are the parameters used in the generalized Willenborg retard-
ation model for calculating the retardation coefficient, 4 , which is
defined as: 1 -(K K

\max h mx

R -I
so

where Kmaxth is the threshold stress-intensity-factor value corresponding to
the AKth value in the following form:

K = AKth/(I - R) (1 - AIRI) AKth /(1 - R)max th oht
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BASELINE 2219-TS51 ALUM CRACK GROW~TH RATE CA-A

P13CWELL EQUATION

17-1

i I 1 01

CK.MAX)*(1-R)"*M CKSI SORT C? ' ))
0.010 x -1- R: .0.a o 8-2 R -0.300 Y 8-3 A - C.-

0 -6- 1t R 0.0 0 * 6-- Q 0.010
N 3.83 C -w~--0 M - .6O

Figure A-1. Baseline 2219-T851 Aluminumn Crack -roiw.th- Rate Data, NI 0.o
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To determine the overload shutoff ratio, a series of single overload
variable-amplitude cyclic tests are required. This is because, for a given
material, the overload shutoff ratio is dependent upon the stress ratio and
the magnitude of the compressive stresses. But, to be practical, it is rec-
omended to test only the R = 0 condition to obtain the Rso(O) value. This
value is then to be calibrated using a typical spectrum which has similar
characteristics to the one to be predicted.

The acceleration index, q, is the exponent in Chang's crack-growth-rate
equation for negative stress ratio, which is expressed as:

da/dN = C [(l + R2)q Kmax n , R < 0

The value of q is determined using the following relationship:

q = [ln(Y)/ln(1 + R 2)]/n, R < 0

where Y is the ratio of the crack growth rate at a specific negative stress
ratio to its R = 0 counterpart obtained from test data. Hence, based on the
preceding metholology for a specific negative stress ratio, there should be a
specific q value. However, for spectrum loading application, it is not very
practical to generate such q-values. The average q-value approach was adopted
by CRKGRO. The average q-value for a material can be selected by correla-
tion with the test data obtained from a spectrum loading test while the spec-
trum is similar to the one to be predicted.

OTHER PARAETERS USED IN THE METHODOLOGY

There are several other parameters needed to be input into CRKGRO for
crack growth predictions, including the cutoff values of the positive and
negative stress rations, Rcut, and the critical values of the stress intensity
factors under cyclic loadings, Kcr.

Rcut is the cutoff value of the positive stress ratio, R , above which
the material is assumed to have no further stress ratio layering effect on
the crack growth. Rcut is the cutoff value of the negative stress ratio, R-
below which the material is assumed to have no further acceleration effect on
the crack growth. These values are, in general, able to be determined from
multiple stress ratios constant-amplitude tests. Yet, for the spectrum load
application, because the effective stress ratio is used in the load interac-
tion model, again, the calibrated value should be obtained using the spectrum
test data.
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I There are two types of Kcr values: Kcr(a) and Kcrtq). Kcr(a) is the

critical value of the stress intensity factor under cyc ic loading at the

maximum depth point A of a PTC. In general, the value of Kcr(a) is considered

approximately equal to material plane-strpin toughness. Kcr(c ) is the critical

value of the stress intensity factor under cyclic loading at the maximum length

point c of a PTC or TC. The value of Kcr(c) is considered approximately equal

to material plane-stress toughness.
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Appendix B

CRKGRO STRESS INTENSITY FACTORS LIBRARY
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Appendix C

EG'ERGMEN'TAL VERIFICATION PROGRAtM, TEST GROUP I-A

FIGHTR BASELINE TEST
TEST F-B-2, AIR-TO-GROUND MISSION, DESIGN LLIIT STRESS 

(DLS) - 30 KSI

-- T1 C' o] I- .3 9 27.1-

2 R.4 37. lc. 4  28.c 17.8 4Q.5 13.R 26 *1? 42.9

3 11.4 74.1 2C.3 3&.5 1.5 21.3 7. 39.- 11.9 23.E

4 1 l15 110! '.6 0 c,5 .Z1 11.* =6,Z 0- i - 5104
.ef ou j _r '- r

6 3.6 42.4 2!.3 04.3 2.9 !1.2 4.S 28.6 -,5 29.7

7 IP-3 2ao4 14.4 44.2 l6.4 35o2 1 03 s. F. 23.3
8 :.8 21.7 E.7 E15 12.3 u7.3 -13.3 67.1 42.2 57.2-~~~~~~ -.... T 5- 5. ' -- F-, z . .-- I ( 01 4/.7 OT .-

10 :6P.a 5~& .2 22.6 12:5 41.6 .5 J4I0 ..
i -. 1 15.5 r.1 2d.-7 5.7 31.4 4.3 22.! 12.7 24.5
12 1.6 12.2 0.0 4E.2 -10.0 !1.1 7.1 23o7 f.6 35.2-..13 !: %! -4 92 11.0 7C.,i q.q :9.2 2- . '7 " ' -

14 i6.1 26.3 11.0 17*8 5.8 17.2 -1.2 23. Z.2 42-5
15 228 4-3.3 6.5 33.6 8o5 49,9 213 4*3.2 22. 45.2
16 11.l 33.6 -1C.0 25.1 l.4 7F.o6 11.3 42.4 .5 34.6

-T-1T t C o6 I to3:* .5 = 9 .232*- . I 1 .4 zi r ;~ 4-37-.7
18 .04 46.. .1 24.1 6.5 40.8 21.2 42.7 '.4 23.3
19 1 a 2E.4 o 1 4 F.o1 -6 2 38.5 4.94 4 0 9C !R 2 aa0'
20 -1C.a 1905 7.0 35.6 5.2 31.1 4.0 ? ~.E . 53.!

-1.2 25.4 2 Q 14.3 5 32.3* .001 9an2901 Eu5
-5*6 2504 14,3 6.9 6.5 30.1 17o2 !Ai5 I'.5 323
6.5 38.1 8*6 35.2 0.0 37.7 18.1 37.C -12.3 5C.5

24 E.5 23*A !.7 37.7 3.0 70.6 1a.3 62.6 1.9 36.7.. .- .O b "3 9 * 3 j . t i ' 5 0 4 * uJ " Z o -, l .f zo t q i -1 5 *

26 C.O 47.4 3.0 38.1 14 6 32.0 7. 21.2 2.7 29.6
27 12.2 37.9 a3 33.8 15.3 45. -I. .0 32.5 .6 46.5
26 -.4 75.6 -.3 330* 1.0.8 27.1 14 F 4. . 17.q 35.1

30 -14.7 53.9 11.3 '2.1 '7.3 39.1 8.7 3g.- 6. 4 '45;-

31 22*4 47.6. 1093 339d -10.0 71.0 -. 5 35. 1.7 50.0
32 Z.1 41.4 .8 20.8 13.9 .0.7 15.9 F3o5 1 -" 71?0I; !.* 4E97 .3 2699 2.5 18.5 2.5 r5-; 17ol P7eG
35 495 33.'5 -10*3 32*8 3*0 Vi.,7 7e5 41,5 21,s- 39,7

36 k.2 195 7a2 32.1 1194 317 -. 5 16. 2,- v 97

2 11.- 42.4 1. 59.3 24.6 47.9 6.2 25.S -12.0O 3 .643 3.7 23.9 6.3 47.2 o.9 63. i .1 15.5 . 7 .6
34 S.2 6.2 7 6.1 i.9 43.4 12.6 28.2 3.7 4V1*

46 .,1 53.6 50 45.o 4.6 34,$ -12.2 6.,2 e.6 19.77 .2 33.9 2.9 N .9 19.5 40.1 -102 37.2 ,6 ,o.3
48 22.5 58. 2 3 46.4 17 54. 3.0 28.2 11.C 3.5

S2 1.2 45.2 1 .1 2..5 - .2. o9 6 .2 31.7 -1. % 3-6
51 6.5 19 6. 0. .5.7 .1 25.0 . 2.7 .2 32.1 , .

52 1 69.5 -4.5 26.5 1o9 21.5 5.2 21.5 7 % .?

54 13 36.7 -100 2.5 15.. b5o7 1.2 27.1 0 6 E e 1.7
55 21.5 31. 2o9 44.9 14.5 06o1 3.' 32.2 .' ,7.4
56 -. 3 24 1.3 46. 10.2 777.0 3 7.9 . 3.9.3

58 -fC.0 .4 2.5 35.4 13.6 2.5 15.1 27.3 .2 32.1
59 11. 33.95 7. 5.4 7.3 24.5 11.9 . . 4(,.5, It 33 7 -0902 5. 18 !5*7 1 92 23.2 t 0 516

5---' 6C 6. 2.5 35" .4 'I i . 2.3T 1-51 2 - . . -''.--

62 2.0 31. .2 57.5 5.4 41.5 7.9 '6. 5.1 1.0

*i of DLS
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E XP ER AL VERIFICATION PROGRAM, TEST GROUP I-A
FI(GT=R BASELINE TEST (CNTLNUED)
TEST F-B-2, AIR-TO-GROUND MISSION, DESIC.N L=MIT STRESS (DLS) = 30 KSI

64 S.oZ 42.2 E.2 &.7 17.5 4e .7 .3 41.1 !Sol 49o
65 11.9 24*. 12.3 42.9 .7 23.. -10., 45,C l*,' 62.,
66 2o2 40.2 14.0 3 4.1 3.2 52.3 4.Z 24.4 11.9 48,6"67" -.o --- ; 7---! ,2 .3 , 0,95 2503 1. at 5--0- i '

6 -. 1 31.6 .9 16.9 1.4 3b.4 s.3 32.! 4.i 35.P
69 7.1 33.5 2.3 41.0 -!0.2 22.4 13.1 76.3 1",&8 5.1
70 !4.6 49.6 1.9 2s,3 7.3 !.o7 .! 5C.6 !".! 57.1

72 9.5 41 . 19.7 47.7 t1.3 59.6 S.1 51. 1:.7 8.5
73 .. 7 57.1 "1C . 3.4 11.7 41.C P.3 23.2 .7 24.9
74 - 1 4'*.3 ____.___ .5__ 0.________ e4_ !3____C.

76 3.7 46.6 .2 k!4 ,.1 44.5 5.4 25.8 1C.5 317
77 -1Z.3 2G.5 a.3 44.4 2.2 34.1 16.6 3.5 o -C 78.9
78 -. 7 25.1 -2.0 63.6 3.5 62.1 15.4 27.5 12.; 31.0

SG 2.9 49.9 .,3 '6.9 5.4 21o7 T.e 35.1 -IC.. 26.7
81 5.0 49.3 15.3 41o5 5.0 46.0 1.96 43&! 95 45.7
82 !.0 47.6 12.0 26.2 -4 18.9 -2.3 31.1 1C4 38.6

:4 !a 402 13* -1.7 *. 2 Zo 100 fie
84 2.* 3409 Ie.4 52.3 9.1 4..6 -1 . 4.! E . .4
85 12.5 47.7 6.0 2792 4o3 17.7 4.2 19.6 4.2 22.5
86 -*1 51.6 5.3 19.1. *1.2 2303 6.4 24.1 13.3 .G.7a?"7- 0:3 We. a .a 3 a. 1 -1.5 .37.. 6 7.4 5r .D 1 :.'I ,,+.
88 21.3 36.1 1!.5 35.7 -10.0 28.0 4.5 25.2 14.2 25.3
89 10.2 45.1 22.1 58.0 15.3 30.5 6.2 E3.2 o. 33.2
90 12.5 38.3 -'.; 35.1 4.8 -62*4 -oi 26vC 1..! 47.7

92 .7 37.9 -13.3 74.a 2.3 29.q 5.1 46.6 .3 14.5
93 ;105 16e9 20 45.5 '10-0 0.i -,5 17, !04 !g.
94 20.9 67.9 S 6 25.2 6.9 !6.2 8.3 7e.. 4.3

96 010o 69.2 8o1 Z5.0 14.4 52.9 .6 26o2 4.1 2P0.
97 14.2 5394 10.1 35.6 4.3 3$.1 -. 9 56.0 2! .9 45.6
98 .. 1 37.1 E.3 31.2 1.5 22.9 7.5 32.1 1C. 65.9

-,a 404 244 190! = 1 0v' a to 0 -4*1-0 2--
"Ica 32.o 55.2 7.6 40.9 1.5 54g3 11.0 40.E 2:.5 36.5
101 4.6 35.7 14.7 25,6 7.7 240 9.1 33.3 11.2 46.6
102 16.1 37.1 5.5 49.5 11.9 35.8 .2 21.1 E.1 31.8

104 .1 24.6 7.5 37,. 5.1 56.4 21.3 330 1.5 3 ,
135 25.1 40.1 8.6 60.3 9.2 68.3 2".7 37.9 1 ,1 3 94
1G6 4.9 21.3 6.7 54.9 11.4 58.2 8.2 23.5 q 44.3-" .7 i i.*7 299A ! 4 I afo2 M 0,1 7.4,. C -.o 2968 F - -; -- r"-.?
I08 3.6 30.5 !08 !4.s .8 40.7 27.2 3h,, o '2.!
109 1: .6 3*5 7.5 32.5 7.4 4G*2 6.3 27.0 1,. 45.1
110 P.9 36.C 16.0 47.7 11.1 393. S. 45. I' .8 2t.9-"I1 ' "coo-, 2G "9 '"0+ .0- - 5* lei; ", 0. *G. C -25 2 #,S, %S E . ; 1 9- --

112 E.3 Z6.4 12.4 46 p 2.1 1 .o .2 !5*, 1 : or T
113 2.8 26.R 2.a 17.3 5.7 31.5 .2 44,3 2!05 49.
114 ".3a 1. 0.6 5.0 42.6 9.1 30.2 12.s 32.2114 13.9 em , V1-

116 Ee1 29.7 1.5 S3.7 14.4 '1.2 21.9 56.4 1:.7 42.2
117 2.7 4 5. 34.3 48.3 8.0 601 s.- :9.S '.' 1 o.8
118 --. 5 3o& 1 .2e.7 6.7 28.7 1.7 24. 1

122 21.7 32.C 15.3 69.2 11.9 53.3 15.5 38.1 1 50.6
121 13.2 37.0 13.7 Z3. .0 8.6 7!*. 15.2 46.! 2 72.8
122 14.8 35.3 !.a6 '.2 3.1 :2.3 -I0 !.2 .?2.

124 !.7 44,A 4.7 21.1 .8 47.3 6 .6 21, 3.C 25.4
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£-PERE-xrAL VERIFICATION PFCGRAM, TEST GICUP I-A
FIGHTER BASELLNE TEST (CON ;£IDM)
TEST F-B-2, AIR-O-GROUND MISSION, DESIGN LIIT STRESS (DLS) = 30 KSI

"125 -- -- 6 b--"24. - e -. u h . 1 z .:) . 1 --. T 3 .1
126 .'S 36o 7  1oC 27.1 -1C.O l9-6 -3.C 35.4 lE.7 37.2
127 Co0 25.1 1.9 45.5 2.0 37.2 10.2 27.7 Z.4 44o.
128 !;9 45o.9 t.5 35.1 15.4 51.3 23.2 54.1 .2 40927129----- e i9--- T"! "I .-- r 0 16! 0 3 tzo Z;. ;I et.: .3 Z5.64
136 !.6 57.9 -10.2 40.6 !..l 49.7 9.7 40.5 17.9 31.G131 o8 47.9 1Ce 24.1 2.1 13.9 1.,2 17.1 Z.9 52.1
132 !f.a 53.2 -. 2 65.2 13.3 0.p 3.7 70.* 4,3 47.F-- T33--'---3 j"Z - W ' .. o. " .Y 7*2 Z#3 e. i- b-- *If -14---
134 -1Ceo 31.4 e2 24ol 13.4 42.0 23.1 66.0 -2.. = 13.3135 1.4 34.3 11.2 45.2 9.6 4G.2 .9 3.7 14.2 %+7.7
136 l. 4.6 13.2 3C.6 o.0 3.2 .4 67*. 1".4 37.5

138 Eo5 55.0 27.1 46.0 2.9 -. 0 8.0 22oC '.6 63.9
139 4.1 50o7 11.4 60.9 -o7 46.1 5.7 2.5 .3 46.6
140 !.3 25.5 -. 2 7C.2 2.0 32.4 19.P 31.5 12.2 34.3

142 E.3 45.3 10.4 :'5.9 9.3 *2.7 6.0 E4,2 1E.*o7 * 7,
143 1294 37o0 6.6 42.4 6.3 4594 16.5 30.2 lfe 5e.0
144 7.1 49.5 11.5 74.8 6.5 34.8 11 .9 48.8 5.2 71.62- 4" 2e 50.1 jo38. 0.0 4q.1 I ~ . I .i 5I ." * , .2 :;Z.
146 2Ce4 33.3 1796 46.8 11.2 45o2 18.0 31.4 1,a 50.2
147 6.4 20.3 F,3 48,5 2.9 3*.9 4.3 27.. 1!.0 23.8
146 -lCo2 2092 !.6 24.5 12.3 28.6 13.0 29. 1". 36.1
150 .76 7.3 1 41.9 21.7 5.9 7.3 52. .7 't1.0

151 ;.7 26.0 7.3 2906 2.5 3'*.6 6 .9 40e4 F,5 360!
152 .*0 25e4 4.2 38.4 1.3 1694 -1.4 15op 4.4 29.2

154 6.5 40.2 17.1 35.5 9.1 22.5 11.5 77.7 9.5 32.4
1.!5 1C.Z 41.! 1.7 !9.7 5.2 25.4 5. 23.! e.7 76.7
156 7.5 23s4 6ol 38.6 !1.5 '3.2 2.2 11.! -1".0 35.0107 IF a *8 35,0 6 zo, 2. o42 dd* - &1 21. ef -. 05 4T6--
158 12.7 56.1 19o4 51 -2,3 60.0 10. 25.4 .0 Z4.5
159 1.3 25.7 12.2 32.9 8.9 1 .4 5.4 29.0 C.2 41.3
160 t.o8 24.0 10.4 37.0 0.0 25.7 -10.0 33.5 1 .2 5e.C.--; ! 0! - - 4 5-1 'o5 ;) , a o" 49o e4 -oi l-'--
162 6.2 30.9 93 45o1 b.7 37.5 17.9 349. 7o5 47.2
163 24o7 37e* -3.1l 32.4 14.9 63.1 28 .6 6o8 i 1.3 27.8
164 1.6 39.5 3.9 53.3 -1.;.3 31.5 11.9 63.6 15.4 69.5--- I ST e 34-7 2 : -05 2[- P.o "..3 +0U G , II el _' .9
166 4.6 27.3 1!.6 64.3 4^.4 Z2.1 6.C 32.6 21.7 .*4
167 24.5 54.4 .6 24.2 2o5 20.8 6.o 41.4 !,4 41.7
168 11.9 44.9 -10. 24.6 14.3 34.5 17. 15.1 1.4 62.1-- TIS 9- " '.---4"--w-o-'- --""'1 .8 11.3 2 ".3 . .. -/-
170 1.7 36.4 16.4 3S.2 1.0 3 .3 24.6 37.2 C.C 28.5
171 7.3 27.4 15.5 35.2 14.5 3e.9 3.3 4,. ;.6 1o
172 -lC.O 37.2 5.5 27.1 3.3 26.1 6.5 26.6 1"-.6 24.1
174 13.8 59.9 7o9 20wo 0.0 167 493 33.3 -1.2 23.2175 e4 14,2 !'.7 56o." lo2 !!*-,I 29o apz -1:9: ir.7
176 .3 63.3 16.5 30.5 3.2 3.* 1.9 2. " 9.' 0-- T IP - -'T,7 3"..3 "- - . :3 93, - •= -.T"r -T , Z - .- I V
178 9.9 21.3 10.9 '2.6 18.5 49.1 26.2 4304 12o3 =
179 4go 43.3 12.0 &&e5 7.4 33. -10.C 36.2 .9 15.6
Ieo o. 42.5 -. 6 2E.6 3.q 17.0 .1 F2o5 -11 2=.4-Tgt"- -- "IT; I "ofI.3 a "12 3.2, s. a; I jo0 U C.:, T '3 Z . - ;- r * .
182 .3 s0.- 1.7 17.1 .3 20o2 0o5 39o! 20. 34*3183 4.4 17.1 3.0 56.9 -10.0 35.3 6.8 73.5 15.2 46.3
164 7.4 3,.C .4 69. 1.6 .!6.0 2.3 ZA. 1",r .5 .

166 17.0 36.6 6.7 a.,9 21,a S9.5 Ie 431 -. 4 43.4
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EXPER.DeMAL V3MIFICATION PROGRAM, TEST GROUP I-A
FIG Mf BASELINE TEST (CONTINUED)
TEST F-B-Z, AIR-TO-GROUND MISSION, DESIGN LD[IT STRESS (DLS) * 30 KSI

188 !.5 22.5 10.7 21.5 .8 7C.5 26.5 ',5.2 o1 22.5189 5.2 57.r 7.0 25*0 C66 45.1 -. 4 696., &.7 7.5
190 6o3 37.7 27.3 4..4 '1.5 25.1 65 28 p.1 11. 57 .

192 26&2 4.a1 4.7 '1.5 6.4 59o2 4.2 42.4 ICo*2 35.5193 7.E 22.1 0.0 13.4 1.2 41.4 - 2.5 16.1 t ., 4,3.6

194 1.2 36.9 1.6 73.6 l2.0 45.5 11.3 !4.4 -C.s 25.7195 "-f: "Z ' .t H .F F*t -; -- 77; u. -1 9 6 ! * 0 5 0 63 4, a 7 .F. I o. 1 , 5 . 1 . p 7 : 1 . . C .
197 2.7 3&.o 5.7 19.2 5.1 36. 17.5 54.5 .4 3Z.4198 13.2 54.0 13.2 35.2 6.*4 29.6 -. .. 0 495.6 .2 15.;
200 21.3 44.9 2.6 41*1 12.4 5.3 10.P 26.8 '.1 0.1
201 15.1 38.1 4*.2 !6.7 2.5 34.6 16.4 26.5 1!.2 51.6202 1.0 38.4 e.3 29.3 -10.0 53.2 1 .9 34.1 -. 2 "9.6

204 2.4 24.2 7.4 4'7.2 2.9 25.1 2.1 46.4 4.7 53.3205 21.9 41.2 7.3 26.1 11.8 27.0 2.3 5e. 1C.5 27.8206 2.5 32.0 -10.0 27.4 10.6 56.5 10.5 26.2 !.6 25.5
206 !::6 61.,3 8.6 28.3 1.9 23.5 2.7 24 e4 6 *C 34.92G9 22.4 40_6 2S.2 4.4 !19 ?6.8 .6 49.C i.$ i&.!210 -lC.0 26.5 1.2 45.6 6.5 42.0 1 .9 14.7 Z.7 17.3Z

212 .7 34.5 13.1 26.6 5.6 30.6 15 .3 3 . . 21.7213 *.6 55.9 4.7 67.7 -4.3 41.4 21 .2 4-a. -C.C 37.5214 4.9 31.3 . 47.1 1.7 ?7.8 .3.7 52.7 14.5 , r.q2 15 tq---32 7 2-?-#-- .. ", . 7 +W4Z -
216 2.7 41.7 2.2 34.6 19.6 32.6 7.8 35o2 .2 4,5.9217 .7 50.2 .. 9 39. 4.8 T8.1 -10. 37.# 12.7 3P.7
218 4.3 31.7 12.3 71.3 -1.9 53.4, 31.4 41. 1.E 51.2

2IF U :' 4 1 of k e *a -12 1220 1k.3 43.1 4.1 32.3 -. 2 !0.5 16.1 32.5 12.1 '..6
221 12.7 34.3 -"8 34.0 -1.0 52.1 16.2 36.6 22. 41.2
222 -. 1 44.6 13.3 3m. p7 .9 34.7 -.1 24. 12 .2 3 .4
224 6.1 19.5 1.3 24.7 !1.7 Z7.7 2.7 44. 6.6 26.C225 1.1 50.2 -16.0 36. 421.2 a4.9 10*1 27.4 4.5 43.7
226 27.7 52.7 2.1 38.4 d*6 33.9 18. 32.* 2. 25.927------r o-- 1. .3 17.3 l1.8 z I.J i I& o 5J .7- -F. 5-
228 !C.5 62.7 6.3 2 8.s5 2.3 '.8.5 23.2 Z36 .P4 .E 26.2229 -lC.0 44*7 1!95 43#. 12.8 24.9 6.4 3 A.G . 32.230 11.2 96.6 4.7 21.5 .4 25.4 7.4 2 .: .! 32.4

1 10 . 7 e - 3 *) 7! 3 . 5 f 7 obT 7-,r 150232 1.2 34.P 10.6 2 h.7 4.5 *.'. .1 63.4 -1 C.Z 71.7233 ;.7 21.6 .- 13 . 1.2 600.S D.C 14. ," 33.6234 127 52.Z .C 41.94 3.6 !8.7 1 . , 55.' 4 .2 -. C
"-23s - To 9 47 e I 3 d It 3 1.q 5. , *- -s - -

236 13.7 25., .4 6?6. 6.a 3 .6 -32.0 32.6 .7 *.237 C.0 !7.2 15.3 3 3.7 14 .0 ,49.7 1a.1 31.2 a.p 5-.6238 1C.6 20.6 0.1 4.'p2 2.6 i 9.3 C.7 ' .Ir ? .7
240 iC.7 36*, 2.6 26- ' -10.0 34.6 1.7 22.6 4.4 3E. 4241 IC.2 30.6 .2 14.7 2.4 50. 16.! 3i.o! .2 21.(242 !.4 29.0" .7 2 .5 3.5 61.2 1-. 1.2 3.2 27.5
244 .2 26.2 -1a.3 26.2 5.5 !8.7 3.7 53. e 3.2.6245 7.e 39.1 1.1 .' o.2 1 .? 3.5 "'1. 12.' 26-2246 -:.6 18. 6.2 KA.9 2.1 !1-2 11.0 26.i 1.4 3=.i4
247 -r'. o a 2 .. - 1-7-7 4, -.S1248 "ICoZ 40. 7@7 41.6 14.2 41.4 a, 290 1:0.4 32.2
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EU'ERrE'TAL VERIFICNTION PROGRAM, TEST GROUP I-A

FIG=r BASELINE TEST (CONTLNUED)
TEST F-B-Z, AIR-TO-GROU MISSION, DESIGN LMlIT STRESS (DLS) = 30 KSI

249- - -T - -- 1-?'-- - 2", 2 1 e I H Z 1.* 5 a .0, ! ., 6--
25C 17.3 64.7 23.7 42.9 11.2 2797 5.4 22o5 4.*1 24.1
251 S.5 3 1 .q 15.3 47.4 14.7 33.6 12.4 29.1 -1:. 37.1
252 22.9 48.3 -.7 36.4 10.2 Z0.8 1!.3 45.3 1.5 Z7.1-2431- --e-3 . :m 22- - 't- • 3 ,. .I - .? 5.r a , , ax," '* 9 01--

254 15.6 44.2 2.7 37.6 11.6 44.5 11.6 69., 1-=.1 37.7
255 7.6 24.0 3.0 27.2 a.6 34.6 -13.3 71.P 7.6 .32.5
256 11.5 33.4 11.6 35.1 6, -,. d, =  23.1 11.2 28&4

25a 7.5 50.5 2.1 '.9 12.. 46.7 12.9 26.5 4. !6.3
259 1.6. 43*2 7.4 ^7.0 -io.0 56.1 8.2 45. 12.4 54.7
266 . 26.4 5.7 33.3 e.5 50.6 2!6 2 .2 -. 8 16.0

262 1!91 2.*4 C. 2"32 .1 4E&6 P.7 20.. 4.7 4Q.7
263 1.9 414.5 -10.0 21.3 .6 34.7 .6 30.! !.4 39.5
264 5.9 39.8 1E.6 45.O 22.9 35.8 -. 5 ,41.7 .e 21.2

266 I1.7 51.8 1C.4 408,0 -*1 2.5 29.1 4C.! 27.2 !7.6
267 t:.3 26. 4., 36.8 21.4 6.7 2.4 25.3 7el 52.2
268 15.o5 40.1 .'7 30.0 5.6 63.1 14.5 41.c 1.1 41.R

"-2b"----"269 "C4 2 559 d -. 1, ,0 a , t2* 55.1 - , ot !; oo ;9 5

27C 2.4 63.9 16.0 54.2 4.5 59.5 32.6 43.3 -1C.3 S3.5
271 15.9 52.3 14.0 58.6 10.1 24.3 5.9 27.2 1.2 21.4
272 (.8 43o.9 .3 30.9 .5 !2.2 1.8 4395 7.8 23.4

274 1Z.4 69.4 7.5 39.6 1-3 26.0 -13.0 70v 25.5 46o5
275 1.8 73.2 5.2 27.7 2.3 39.2 13.4 40.3 11.5 43.4
276 l.8 33.* 11.3 23-3 3.0 16 3.4 35.S 12.ff 42.Q

!. 6. * I - , .1 -. i 0-t.7 I , -f 2 .t i

278 1!.1 39. 2.0 47.5 -10.0 42R 28a.2 4 0,o 1!,0 36.3
279 14.9 53.2 2.1 !52.7 '13.7 59,,3 23.1 34.3 -. 17.1
280 4.7 20.1 3.7 50.3 19.a 36.6 5.7 18.6 6,7 55.4

2s2 I,,2 43.6 -10.3 43. 15*8 Ar-°-5 1'.o 56.1 1!.3 6.'7

263 21e2 44.' 5.4 32.5 15.5 56.2 14 .4 28.7 .e 3.3
284 7.6 37.3 -95 " 2a .1 6 37.5 9.5 41.0 2.8 55.6

286 -10.0 45.o 5.2 42.8 5,9 35.7 17. 33.6E 1. "5.5
297 4.1 31o' .6f !7.4 17.1 51.9 6.l 22.3 7.. 25.2
286 5.9 29.5 14.1 42,2 1.3 !2.3 9.C *.. 2 1.2 25.2

-2"- -t! o5 !1o 3 9  it 2  is2 v3 1.3 -o.7 ef 29 Zi * ;9
290 !.9 65.4 13.3 52.3 1b.5 35.2 5.8 49.1 4 .6 4 . 4
291 .! 3.4 Z o.4 53e3 -- 3 78.2 21o6 47. .  1.5 1.6
292 3.6 23.3 1.5 '5.7 2.3 '4.8 2.- 17.c -1.7 !$;.2

23 Z* 23*.2 1. 94 a .7 ~ .44

294 7.0 41.4 16.4 27.9 165 32.1 17.2 27.8 4.2 43.2
295 S.1 23.3 5.4 32.3 0.1 33.7 .4 24.0 1 .e !2.9
296 : .0 30.7 17.1 "'5.6 '11 Z40 .2 42.C 2!.8 37.5

- '. 29 . . 31.- - u.u '-, . 2 2- 1 0 a I-1.v
298 4.3 45.7 31.6 57.5 5.1 15.1 -. 1 53.4 . 2 3.7
299 5.2 47.2 1.4 !85 18.5 41.6 13o2 Z34 S.1 42-."
300 '44.2 •4. 10.8 31. 7.7 65.3 23.6 33.8 .6 21.7

3C2 2&.3 40.1 2o0 36.6 4 9 20o3 0.3 53.2 q, '3.3
3G3 7.1 42.4 16.3 5.44 4 5 45.9 -2.3 2P,.7 ".6 ?2.7
3C4 3.6 51.1 10.9 3.6 13.7 46.0 18.5 37.5 3.2 1.3.

306 1.4 45.2 14,a 32.3 14.* 29.5 2.C C.44 1C.9 4 .,

307 .2 43.3 6.1 4 7. u 0a 21.6 4 .1 24.8 f .5 32.6
3G8 !o 38oA 14.1 34.7 -. 4 1.C 13.3 2.8 -1 Z 29.4

310 o,1 4".1 12.1 l 7.4 -. 6 4.oc . 6o7 i., 31-5

*1 of DES
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ECPERDE.AL VERIFICATION PFUGRAM, TEST GROUP I-A
FIGHMr BASELINE TE-M (OONINJM)
TEST F-B-Z, AIR-TO-GRUND MISSION, DESIGN LBIIT STRESS (DLS) - 30 KSI

-YTI - -t.-'r, eo 3,; 1! 6 21 ., 1. .9 3.o 'si 5, 1c.4+ _I P-
312 1Po3 37.2 14.3 .' 4 66 47.3 -12.2 '5.6 27.4 3&.2
313 14.1 42.1 7.1 26.3 11,1 57,5 16.1 34.4 6.4 25.9
314 2.3 49.3 2.4.9 43.5 17.8 !7.2 21 .6 55.6 1-.7 29.7

--. a- -2-5.c 8 .3 4.4 19o4 I .0 ' a. .r
316 4o3 2902 e9 22.2 -10.0 7 e.8 ls2 !6.R fs5 4R Ao
317 17.3 51. -. 1 12.5 Pa*2 34.5 3.2 37.E 8.2 22a9
318 1.0 41.. 1.4 16.4 .4 4G.F 5.7 28.2 . 3 A.0-- irJ 11* 41..3 1.3.3 2,4.3 b, , 1 quo, i ' 5.' 5z. * ' : '. 'a.-
320 .3 52.5 -"C. 24.3 11.5 .8.2 '.t !29E .6 42.w0321 1106 26*1L 1.2 34102 198.0 !s,7 5.s 215.! 1! 38.8

47.7 2e66.5 3' 0.!4 44-2-30 F?6 a,5-5. zr u .9 6 *- T.- " W-324 -1C00 3S.7 'Zs2 Al.b ,601 !294 2. a6 .4- 1E E..5 0

325 .8 14.8 ol 5395 5.6 25.0 11.? 52.1 i.2 672
326 Z.2 26.3 1-s 39.5 14.4 2*7 1a,9 30,4 14.4 5L 9

326 S. 2  57.2 1030 , 2.8 9.1 53.4 0.0 26.0 11 .4 58.2
329 1.9 1.-4 14 37.5 19.6 3.*9 .9 41.7 "7.3 2F.5
330 1 t *=- 43- 14.3 P9.6 1.6 !5 eC. 10.4 51.*6 11.2 9*,3"--tat1 f 5 a = e 9 tq* 0741 T !., Q .M0-9 - 1,. - 13° * !S *- F-- %- 7--- 0-7-

332 8.4 39.1 1.2 36.A 7.3 220 4.3 26.6 5.3 32.3
333 IC.9 34.: 6.1 2b.3 10.5 24.3 -. 3 19.9 9.7 19.8
334 4%3 24.2 4.5 43.4 !.3 29.4 10.5 45. 26.1 39.9

-- 335 T. e 424 .'ie - !U. t 00 71 F 4607-
336 E.7 45.4 21.7 498.9 4.4 26.i8 9.3 55&4 2;*. 4!%337 .4 37*P 16.5 3091 ld.l 34.4 2 31.7 Ite 3!.6
338 22.1 52.6 24.4 44.2 .8 24.0 10 .7 66.8 -4.7 5Z.0

340 ;0" 179F .59 28.6 b.1 2E.4 13.6 !5o4 S.o !FOP
341 12.6 70.4 13 32o2 -2,6 !7.2 -2°C 31&1 3.2 41.2
342 13.9 29.5 10.4 27,7 3,4 49.1 7o8 24.6 4. 71.1" - --- t:;r -,2";. i .. 32 .8 2.6: 413-.8 1 e ZZ *,4 ' "r- -3' ;-
344 16.7 27.3 eo7 4.2 1.8 15.1 -2.2 25.2 .2 10
345 2.! 33.o; -06 25.4 8o7 26.3 3.6 21.$ 11.4 47.P
346 Zie. 40e5 4.1 43.1 2.4 4095 7.C 34*1 21." 24.9

-3 7 r 7 & I J23C . 0! -6 1 .3 1 .5 t2f 0 13 ""-"' -
348 3.5 *0.6 22.3 34.0 13.8 34.3 19.1 56.7 2. Z 71.6
349 Z%4 42.1 lel 31.4 5.2 40.0 2.1 48.1 24.4 3E.4
350 12.1 38.2 11.G 28o9 7.3 52.5 -10.C 29.e 14., 26.&-313 --- -3,;, "2,0 6.2 7 3 0. S 93 3" 2,Z j.o *a I "o1 e. 0.-3 ;1 T--
352 19.0 46.8 -,6 42.5 23.9 44 .2 1G .1 40.9 1C.1 2. !
353 14 .4 29.3 4.0 !9.2 16.0 .4.3 19,2 33.7 0 =,e. 29qs
354 16.9 42*6 1E6 '.3.3 -14on T'P.6 2.7 62.4 s.9 2 0 a2
356 :7 2b* &4 2 E.7 6.3 4%48 4.7 55.0 .2 31.3357 5.7 37&4 14.9 32,3 6.0 56.4 4.,4 31.6 1!.1 36.5358 l(.1 36.3 1C o0 07,9 9.9 24.5 4.5 39u6 6 .. 23.2

360 -2.2 26.1 -. 7 .7 4. ' 17.1 2P7 F .1 - -' "3--
361 9.3 39.2 113 47,4 0.90 !1v2 16 3C &) .5 A1,.
362 -1a.5 24.4 "' 1.3 3.0 44.1 .9 27.6 7.0 43.S

364 -. 2 19s3 20.6 -e,1 -2.0 3.,3 19.,. !2.7 .6 -38.6
365 1,. 3604 196 49.o6 13.8 .7e4 1!.,0 !2.7 -I , '.6 .r-
366 16.1 35;1 12.d 114 40G 62.3 11*6 26.. 6, . °2

366 o e 31.3 !.0 l.l 17.7 *7 26.6 !.S. 8.3 27..
3170 -. 1 33 o 1E.3 35.1 17.9 " .8 27..! 3?. *1 ",- '9.!

-371- - ? 9,-- w+'L ."?+. -- 3.-r--% . V .3 0 2 j ".
372 2.9 Zoo2 *1 A'?3 -5.0 27.7 14.2 4-.6 1S.2 4.,a

*I of DLS
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EPERNTrAL VEPJFICATION PROGRAM, TEST GROUP I-A
FIGHR BASELINE TEST (CONTIM )
TESr F-B-2, AIR-TO-GROUN) MISSION, DESIGN LDIT STRES CDLS) -30 M I

373 ..... -1 r. - ' -r . "--4 r- I ' -

374 7.3 35.1 6.0 43.7 17.2 33.1 .6 26.4 1i 2 28.5
375 11.4 *4.5 19.6 -0.0 9.1 22.7 6.1 25.6 i*8 35.2
376 2.0 59.2 8.1 42.1 ;.0 73.q 12.1 25.5 .3 34.

37P .2 40.3 1-ol 42.5 .8 -s5. 2.4 '13.E 5.6 26.6379 6,07 36.4 F.0 21.7 11-,3 29.A I a .1 2-.o7 1 oI .1 5.6
380 17.7 3d6o8 2* 20.9 4.0 16. 5o7 24.2 E.0 !1.
381 .-- % 0.O- . - -13b -.= IS,.3 5. -* -
3a2 .3 25.2 -3C 38.7 -7.5 50.7 17.G 33.4 .l 41.3
383 2f6.0 79..- Q6.37S5 o'. :7 45*6 11 oZ Z. 8 .5 24.6
384 1.0 33.6 11.7 29.m 9.3 19.9 3.2 26.f -1 . 32.a3 e5--'!7 -ts &4;. -*1 4 , z. 2 90 2f611 lW0?-fF. 2
3 6 -1.5 40.9 7.6 41.2 6.5 30.1 .9 32.Z 11o9 42o0
387 S.o 30.6 3.7 60.4 5o3 17.1 2o 27.! o3 48.
386 124 48.7 12.7 41.2 6.5 41.4 -1C90 61.E -. S 32.8
389 ...... 14 O 2.3 b.a I b a V . 3.20 ItCo
390 .9 31.4 1.00 31.7 12.0 47,4 6.0 26*C o5 35.3
391 7.1 51.7 0.0 41.3 1'.1 27.7 7.1 63o1 2.0 43.5
392 5.1 26.6 -11.4 65-2 -10.0 43.9 29.7 42.6 Z,.0 21.4

394 24.1 43. 2 .4 46.1 5.1 3s.6 O.C C 2. 9 ! 4C.4
395 1Co7 40,9 1.S6 38.0 19o0 25.5 So2 29.3 12,6 29.6

39 7 60,( -1 U *0 48*2 19:5 49.4 -2.93 46.7 13.1l 28.039 a. -2IdoI 0;dO zt; ' 0 Its . .5 -5.2 2-5 .2 it..5 57_1TV
398 9.1 22.C f04 2.a6 8.7 42*7 23o4 61.5 3o. 15.1
399 .0 42.1 1.6 32.2 19,1 34.S 3*e 37* F i p5 6.:
400 -10.o 39.5 4.l 31.2 19.2 31.1 6*5 37.5 260e 40.3"'q r --.. is- v e ..C I. C-
4D2 A.9 51.1 5.6 32.9 14.8 64*4 14.0 26o. I! oS 33o9
403 -o7 2Rol ! 01 24.9 9ol .7o7 29oF 4'.' 1 ." 40,3
404 2.3 497 392 21e3 6.2 34.* 2.6 43.2 23.1 32.24 C5 1 .1 0 ; -Z 8.r 12.2 I3s a,1 .9 3Uo . .4 .5 .o, 'I 7 *e ,2 1+4.-"
406 -2.1 43.3 20.5 !7oa 13.8 47.0 1.1 01" Z*.! 13.7
407 1.2 25.7 !v 15.4 5.2 !7.4 -10.0 30. 11.4 2 4.

=

408 6-i 5b.0 34.3 74.2 13.6 -1.7 1.6 2597 IC.7 34 8

410 7.4 40.3 6.6 22.4 .3 31.3 1 .6 26.1 4.7 .*.8
411 Z. 4 38.5 9.0 60.2 -10.0 74.6 14.9 52.0 .6 '2.3
412 12.C 25*6 -. a .2.7 32.2 !6.i .7 16. f. 55.'

414 1.3 29.5 !o7 5.3 3204 52.5 -5.8 64.4 l1.1 : .6
415 2,2 32. -11.0 26.5 .1 29.2 12,3 42.4 1.3 30.2
416 .7 17.9 6.1 30*3 5.0 16.4 597 24.5 1.1 37.5-4162-- I o ,u. " .1 2 -- z=. o) E9 -o * I 1 .0.  -- -.;---?r 2-' 5-
41d 5o7 26.6 13.4 41.1 4.3 !5.2 16.0 45.5 32.0 47.C
419 -1C.0 56o5 4.9 76.3 4.5 46.2 1.1 25.P 15.! 3,.7
420 ,5 48.5 1.7 36.8 4.4 -3.3 4.5 27.2 .1 20.3
422 -09 38o1 21*2 Z 7,a0 4,4 25,5 q o: C57, o 1 .I-I.C
423 4.3 25o 4,3 26o2 3.9 38o2 3.1 1140 - .i 4.!
424 22.a 34.7 1.6 4'4.2 5.1 33.2 3w? 17.! o.5 7i.2*- tf2,J--T.13 "-T-T-F.0 1.2 0 . .0 43.1 21-.9 . .z 1 q -Z----7crvq -

426 -@2 46.3 26.1 46*2 3.1 '0.7 -10 42.6 2!.; 52.6
427 4.9 27o3 2-. !2.1 . 25e6 9.5 47.4 12.2 2=o
428 7., 29.3 1.1 24.3 11,1 f8.3 11.5 47.E 7.2 23.2

42? 12.9 2T~e 1 * 3.540 10Z Zdol 1.1 4 1 41T430 1o7 70.4 -o4 36.0 -1090 5'45 26,s 38.4 C0.0 51.3431 1f*7 32*4 14, *C 3*7 "6, 5 !.!*, 29, *C- 44 c l 21 e
43; f. 6 5.6 7.3 24.1 4.1 !9.4 a.! .7 .4 1 05. 2

434 5.0 34.6 -1a.3 24.5 14.3 3c.4 03 39.1 .3 31.0 A

*i o DLS
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i EUvEP AL VERIFICATION PROGRAM, TEST GROUP I-A
FIG-rf BASELINE TEST (COXNfIUED)
TEST F-B-2, AIR-TO-GROUND MISSION, DESIGN LIMIT STRESS (DLS) - 30 KSI

4 35-.. -- t - 6-- -y J - -1-E-.* 2 ?8-3 0-02 Zd,= 100 :5 0z -1 =2 . r
436 11.9 26.4 -. 2 !4.6 -q.9 53.7 lao 8e,. 5.2 5C.1
437 Z.e 23.8 70 72.6 7.2 29.9 14.2 3. .I 49.6
438 -100 68 a 7.1 e6o5 10o8 3 31 23.1 390.i !0 ".9.4-4" 3 9"'----- 14 ' .--?-7 0. b 5, . j5 : -& C :,3 15,.: 25 .-- If :02; - *. 9

440 i.1 42.4 .2 70.0 5.8 31.a 8.2 52.6 17.2 35.6
441 11 280. 13.3 51.3 8.5 60.! 3.0 47.0 -10.og 42.7
442 4 . 40.21 0 . 77.5 17.5 !30 1.6 24.° 1o7 40.5".4-3, -o 5'---5, .- 20. - 8. 2;- vs- .+00 ; + 2.3 1 lots

444 4.6 26.& 5.6 21.S b.7 25.9 7.6 33.C !.7 28.9
445 Z.6 28. 8.7 53.9 13.3 2o8 -13.C 25.E 11.6 23.0
446 Z.3 2805 13.0 4~ 5_30E 140

448 14e9 28.E .1 54ol 6.2 2491 .1 55.0 12.6 46.8
449 1.3 37.3 5.9 1+3.9 -%;.0 33.9 5.2 16.6 2.2 43.8
450 -5s1 27.0 13.3 41.2 4.0 23.9 2.9 35.2 !.5 18.2

452 -*1 46.1 2.6 3200 3.3 201 &.O . 1-.0 !7.0
453 18.1 52.9 -10&1 S6.9 1.3 64.0 -. 4 509E 497 33.e
454 11.8 28.4 .3, 24.1 .3 38.7 7.0 22.7 !.6 38.1

456 -*1 32.5 6. '11 1. 0 32.8 3.6 3".7 !.7 42.e9
457 -1Co0 36o9 7.6 4.531 12.2 4 6 9%8 32.7 A06 43.4
458 28.2 40.2 20.7 66.3 .2 23.9 11.5 5695 L. 4406
460 .00 1R4.2 "202 3701 -07 5193. 70-3 !- 0E "l *T 1' E.
461 12.0 47.5 -4 36.5 13.4 51.5 17.1 34.1 -Z.5 58.1
462 6o3 A1.e 4.2 40.6 12.6 32a1 2.4 42.4 3.5 37.6_465 '- .. ... (,32 .5 ot9 q ,!5.6 3.1 -,5.1 1-! "C 55-
464 16.5 !4.5 190 6"04 o5 31.5 -10.0 36oC 12* 37.5
465 i.5 31.3 16.4 54.3 5@2 26.5 9.1 27e2 1Z0. 717
466 21.5 49.3 f3 2805 4.1 32.1 9.l 54.8 -!.6 20.4-167 .7 320! 1!03 & 1 . 1805 q9*1 It , .2 270 1 l 3.0 2 It0*
468 1!3.7 37.4 -. 2 28.1 -10.0 49.9 5.3 51.7 1.2 15.0
469 Z@7 33.7 14.2 33.4 14.8 29o4 1.0 62.1 -2 .3 3 1s
470 .1 60.5 ( s9 35o0 1.6 !5o.1 e 33.0 1.2 27.7
4?1 t 550?-.k---:. t. o .1 -7.; "S 0 - . ro- 0 te1 .472 11.5 30.9 -10.0 34.4 15.5 30.7 5. 39o2 6.4 54.3
473 21.2 39.6 2.3 35.3 1* .9 31.3 17.4 #1 .7 -. 3 2C.2

*74 .2 61. -1, 24.6 6.91 49.1 -4.3 37.2 2%.3 37.4-r75 -- L.e -,w 7 V Gwr 3" !' ..... . -t-1' e 10:7 .? -
476 "1C.O 46.4 -. 3 37.3 1.1 5605 1.2 43o7 14.1 2'.9
477 3o1 46.6 21.6 36.0 1.9 3192 14.0 3105 ".7 39.0
476 12.0 42.5 -.1 45.4 7.4 57o2 34.9 47.2 4.5 2.9-- "2 i+< '--2 a+ i 2. a -"IT all 8 0. a. Z. of q*9 . 3 719
480 4*5 70.5 a03 906 19o0 6=5o3 1A * 601 !.6 T5.3
481 !93 17.4 -.2 43.8 20.8 35.3 13.4 30.C 12.2 41.6
482 7.9 31.5 12.3 33.7 7,4 57. 2.o 44.1 17.2 44.2
484 1o. ! 44.1 • .2 34.2 2.3 !6.2 -. 5 33.4 11.5 32.6
485 10.0 61o3 53 4!.2 9.7 21o. 7.4 40.! 10. ;0.A
466 255 3503 .1 5r.4 -103 24.3 8.4 23.6 7.7 p1.4#f 79 .",o *Lk 909 !". . - to.0 !-,i - -- p 4: ? 1 92 477-
488 .1 31o5 4.1 29.2 2.5 36.0 18.0 33.6 3. 1.4489 C0 5 . 5 25.1 .q .7.7 4.1 40.1 2;-2 46.4
490 1!.1 6900 o5 33*R 15.s 35.9 6! 692 "!a1 55 !
492 -. 3 47 .7 Z7.3 5 9.2 11.2 35.4 41l 64.7 *? 6,Z.5
493 Z3.1 31.7 30.5 39&8 12.1. 53.2 10 .2 52.1 16.9 55.1
494 A0oi 37.3 .6 21,3 7.2 17.4 -7.1 Zq.a 11 .- 31.3
It --'-- -rt,'-- -' -- ,.. " 2 0- ! 1 n. C . r L7 .
456 22.4 4192 1.' 26.4 9.4 41.3 9.3 37.7 11. 22.oz 22

of DLS
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E EPERLDINT.AL VERIFICATION PI10GRAM, TEST GROUP I-A
FIGHfR BASELINE TEST (CONTINUED)
TEST F-B-2, AIR-TO-GROUND MISSION, DESIGN L=41T STRESS (DLS) - 30 KSI

451 Z. -. - 0 .3 5-..3 M-.2 42.1 U .' ?I 04, 4-*t
498 .9 25.3 7.5 62.3 7Co 46.6 -1o7 41.1 -I:,0 49.4
499 2o4 2-,9 101 l9.o 5.5 2.! .7 22.4 7. I%.
500 1.2 37,4 8.3 27*8 0.0 45.5 5.! -2*v ro6 34.*45" 3r - I" * "-- T'. 2"---' -2 7 (' 0¥+ e - 23 .1 I S '564 ;, .€---'- 2 oI
502 S.9 28.P 11.1 42.9 d.5 23.2 -10.0 32.7 12.8 40.6
5C3 14.4 37.5 1.3 60.1 1.7 13.'9 -1. 351 S.ol 41.5
504 14.5 6109 !.5 595 13*4 44.1 15.3 44s 26e2 43.7

10a. S' 3 35.5 io !aa s-0 tnid0j 0 . -i- - 7?=
5b 4.5 268. ! .*! 33.9 -13.0 43.5 22.5 41.2 4.3 9 .31507 5.7 34.7 9.9 355.9 10.4 29.7 .2 41.2 1.7 22.7
508 5.o 25o -4.0 50.3 3o2 21o4 2.5 35.9 -179 37.7" .I? -'--- 4 V; o-- 7--- I 0. .7 ? , .8- " 63 gage 1461 194 *1" : 6 -V.
10 1o2 63o3 -13s,3 39.2 tI7 28.4 *a 71.8 12,. 43o7

511 2C.1 36.8 2.2 52.7 9,.9 47.4 1.9 43.7 :.i 49.2
512 12.7 61.3 2.3 56.0 3.4 3'5.8 17.7 37.2 2.2 20.6-'513- - -'o2 210 '= 2*5 Z!=0 *a 1 5 z:50b T-,9- I . E -o 9 /
514 -IC0 51.- 3696 47.4 12.9 45.2 5.0 F02 14.4 43.6
515 15.9 39.6 19.5 45%4 -oh 46.1 7o6 38.1 1.7 42&6
516 .4 38.3 18.8 32.4 3.5 24.5 3.4 47.3 31.2 42.94
518 Ao7 4P . !.7 3C01 7.3 1591 2,? 40.1 14. *107
519 1!.6 45.4 fse 43.1 3, '2.5 2.! 52oF .05 24.9
520 11.4 30.2 7A 45.7 .3 58.8 8.5 459. 14.6 32.1-- 52r" 2. 1,- 7--14 B.5 25-., 7'. 45. 1 , 0 1,-' , 35"s,2-
522 6-4 39.5 7.9 36.1 6. 4,91 19., 6701 of 25.2523 ! el 259o3 f*7 3791 lao4 70*4 10 €  24*0 1 O " p. :'0 1
_;24 4o9 32.7 e,7 66.1 11.0 !7.4 11.7 2996 z. 230.525- 0 20; *9 , s-a- 42- . " 0 u 58.5 1591 -f , u-,T --3 , "
526 !.0 43.9 4.1 17.8 6.7 19.8 06 46,6 6.3 30.5
527 l.6 36.5 1Co3 33.6 E5 53.1 1.9 26.7 !49 33.h
528 1Ce 35., 12.4 34.1 1 .4 A(*= 17.2 32.e lo .6 46.7
5'29-- e a 9 '? 'q--- , .OO to uu 20 -7-. 'F --I '. a 3. 5
530 .03 33.0 11.1 155.0 17.7 49.9 9&1 35.1 12o3 53.5
531 .9 61.3 5.6 38.9 22.8 77.2 1.1 65.2 11.6 24.5
532 5.3 67.6 -1.2 56.9 -1.0 44.3 19.5 54.S Z! .5 5e.!

534 19.6 28.0 1c0. 3S.6 7)3.a 4308 23.3 45,4 7. 29.1
535 8:3 520 6.4 44.0 1.4 32.0 8*0 42.4 13.5- 39.1536 22.7 40.5 .S 27.9 16.2 28.3 6.5 27.2 -IC .1 37.9
538 21.7 42,2 1.o 2.L .7 i0o. 33.6 5!. '. . 2. ,
539 C. 26.9 1.9 4 84 20.3 34.3 .6 29.4 1ka.3 47.2
540 1E.6 48.6 16.6 &4#A 12.4 25.8 -I0.0 60.4 11.5 34o0

- .2 31.8 2.1 3 1 . 3 -1 .q V .-- . 1
542 e.6 35.2 24.1 36.2 -. 4 Z33 11.9 23.e 1.1 23.0543 S05 32.7 8.1 3m.5 12.3 40.*3 6.4 33o2 c5 6,S4
544 3o6 25.3 02 14.1 -10.0 23.8 11.4 25.7 i.e 24.3--4S5 0Q 312- 0 .17 "-- a or90 4,071 1, * ti o1 If---- -.1-- 4f 0-
546 C." 14.b 4.4 41.5 1.7 29.1 9.8 42.5 Z.7 31.5547 15.5 38.7 g.d 24.8 9.6 !3.6 12o4 23,4 7.0 22.5
540 1 ,E 66.3 -102 s .05 '1.2 4 F.,o. 11.9# 41E . 0 .€ 530t
-,- 1 - - , - -T t Za*a 0 vw2&I-sI -2-- 29 * --
550 !.0 67.3 259. '5.6 26.4 386 4.9 26o4 2., 17.'
551 !.2 23o' 1.1 1.a 7.8 29.a 2.7 !2.5 ' 1.3 2P.8
552 -1(0 3 p97 1e3 w;.,A 1.4 !69 1.7 33.0 .2 4F.6--" 5 3 "- - - -i c o v -, . a , - .O Z2 , *. g , 'x o ft 2 3 a' .1 -0 1 0 0 : -
554 -*1 200' .6 37o7 6.5 24.0 5e9 549o ll6 23.2
555 7.8 606 5.7 21.6 9.2 24.9 11.6 3.-. -1 .0 3f.9
5 1.7 24. . _ 24.1 3.2 16.2 2.4 20.; C.; 61.5
558 5.4 20a. 3.8 26.0 7.3 33.3 17.0 29.; .' 20.F

*% of DLS

136



9 - "CPERDwt AL VERiFICATION PROGRAM, TEST GROUP I-A
FIQffE BASELINE TEST (CONTINUED)
TEST F-B-Z, AIR-TO-GROUND MISSION, DESIGN LIIT SrRESS (DLS) - 30 KSI

159" .30 .T,-u-, .j - 0-T7---37" - T --25 .5
560 8.3 45.5 13.9 25. 4 .3 37.1 12.3 214.7 -.1 4j.
561 11.3 63.. 2.3 4).7 7.0 40.1 14.; 4766 :Z. 36*.
502 Il07 29,. e.2 33.3 ':1.5 41,2 7.1 0Z 2E.m 4,3"-583 -T;+-- 33 !q5 24-7 -l* 7. a5.) 1 Cl - "; +---F T-,- • i-
564 -01 35oh -4.4 31.5 7.3 53*2 ok 44.6 k.s5 47.2
!65 1.2 29.9 .9 44.b 16.8 !6.2 2.1 34.6 7.4 40.8
566 .9 23.6 !.7 '2.4 1.8 jl.4 6.4 32.2 Z.w 17.9.-.46 T -- , ! "I"3 --- ;7 --- - ' a Uo -T-r I.a-7-7-3-r=
568 1.7 19.0 2.1 21.4 1.0 57.5 6.3 22.! F.! 38.2
569 !o5 31.1 1.3 35.2 3.6 26.5 6.t 47.4 Z. 22.5
570 5.8 2609 e.7 22.4 .6 26.3 9.7 4. Z.' 39.7

572 21.2 23.' ;.2 41.8 15.9 46.8 23.3 !33.' 14,.' 25,4
573 2.4 22.1 2.5 25.6 b*7 41o7 2o.0 53.1 4.7 42.3
574 17.3 27. 14.2 42.7 -b.7 4991 -3.4 26.8 -10.3 45.3
57 .. U4O- 2. -2 .u J .4 V Le .2 3. I-- " . - --
576 14.7 40.5 8.2 '5.5 9.2 33.0 2.6 640, !.5 3.o
577 1.7 25.9 -.9 49.3 !1.5 54.7 6.6 !9.C .1 29.2
578 9.5 22.0 7.1 '5.1 S.1 22.7 -10.3 37.2 5.7 35.6-57 [?- 12.3 2 ' Q .3 ",,.3 22.3 256-.-SbIr;= r
580 E.7 33f. 23.2 41.0 22.9 'C.5 .2 !2.5 1'.1 64.1
581 14.5 47e7 2.0 7497 .4 24 0 114 31vC 4oS 5101
582- 17.7 32.0 4,a 20.7 -1090 *400 .7 41.3 P°4 41.r-583- 2.1 3-7o% E*-3 51.Z Vob f 0 doI .d 5 .- --- o -- -- -

564 11.4 28. h 6.8 31.7 i.1 36.9 6.4 2C.7 .5 34'.
585 .80 26.5 1.0 12.2 .2 30.9 5.0 45.0 C.7 35.3
586 I*& 51.4 -IC.3 25.6 3.7 U.o8 2.3 47.! 1j.. 36.P

588 P04 45.9 2.3 38ea9 5.3 !2.7 1.1 2697 7. 360.5
589 -. 3 18.3 0.0 31.4 12.8 32.7 7.5 47s5 5.3 50.9
590 -10.0 45., -1.2 14.9 -6.4 51.3 15.1 20 C l10, 49..3

592 -96 1991 5.2 63.9 e5 23.5 2.5 !601 I:. 42.4
593 -. 5 46ol 3.3 20.1 9.8 60.4 o2 3P . -13.0 44.5
594 P.7 41.7 7.5 33.5 2.5 32.2 A .3 30.5 2.. 37.7- 595 " 9 5 . .. I' z. aL 2-. ,. 7-3 . 5 eZ .3 z: ? ol+ 1. o., 26.1+ 1 1, +,-"-- n" .T-
596 1., 52.3 4.'l, !06 4.8 32.0 6o7 33.3 14.6 49.3
597 17°3 36.9 3.9 27.7 10o4 37o3 -13s3 3$. le ! 3.0 C 27.7
598 al 56.1 37o. 4809 3.2 45o5 2.3 43.1 6.4 37o2--5'9'--" 1.11 --48.1'- , 195 268.7 If.5.; 23.s 1.I I 5 27 -- :. I ZF. 4-
600 I.¢4 38.9 .1 22.6 7.9 498 16.9 27.0 -. l 36.4
601 120C 4592 2".7 5!o9 -!000 24o4 9. 3107 !',! 3Z&1
602 10o 50.5 6.2 52.5 6oa 37.1 15.5 44.2 -,..7 2C.7

6i4 11.2 58.2 8.0 47.9 7.7 62.6 32.4 55.4 12.6 3L.P
605 f6. 1 43. -110.a 27.3 5.5 !0.2 15o4 3 27 ;" .: 32.5
6C .. 22. 3 36.2 15.7 37.6 4. 47.2 S , ?.9

608 -,7 25.1 5.5 !.9.6 10.8 40.9 - a 41C6 10 3 50.2
609 -1Co0 37.3 1.2 38.3 3.5 26.6 3.5 22.P A .i ',.1
610 1.1 229 e ', 2 2 9.6 34a8 -3.5 1.'7 -.1 22.F6t --.... =-W -ro - '-- -0 55,9 sea '-" 10 1 , ,4 0 4 z - F = .€';--'rt" =-
612 -.2 33.7 23.5 47.2 1.8 39.3 5.9 47.4 -l.. !5.7
613 23.3 4805 0.3 37.4 2.0 2393 4,7 ?5.9 e.0 52,
614 .9 21-1 8.3 31.6 12.3 47.4 13.3 32.1 11 3.8.-"6T"5"-'-" 399 -2 * 0o 0, 1, at; .Zlow 14, ao 4 1 a=- 3 2"
616 . 0:.3 9 !9.6 ':4., 60.7 -13.,3 17 .2
617 11o5 47.1 .5 1.5 4.7. 359d 14.2 '52.a5 16.e3 Pblh
618 !.7 64.5 1.2 22,3 9.2 ' 8°5 8.? 37.0 - .4 23.--61 :a)"--- ..r-Z .' z Wo7 !qt3 %,%a -lob 4 * Ile 24. a--- ' -".
620 12.3 26.2 2a !1.3 -!0°3 12.1 -01 530's Z., 2.1,

4
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-PERIM DTAL VERIFICATION PROGRAM, TEST GROUP I-A
FIGHTER BASELLNE TEST (CONrINUE)
TEST F-B-2, AIR-TO-GROUND MISSION, DESIGN LWLIT STRESS (DLS) = 30 KSI

,22 10.2 22.5 -. 4 32.4 .7 47.0 14.1 34.9 3.2 36.8
623 1.0 21.0 2. 26.0 8.4 !i%*2 2.o 27. . 4 4.7
624 36.o 55.: -10. 31.6 -3.4 !6.E 18.3 36.! 17.! 42.P

626 18.7 36.4 14.3 40.1 1'4.0 34.7 -1.1 64.7 1 .. 31.3
627 2.6 25.6 5.8 33.3 2.0 '41.-1 3.6 3i.9 16.5 33.i
628 -fC.0 19.3 1.6 43.4 ?1.4 53.9 0 .0 74.1 1.6 45e.3
629- .1 !3191 f.!-4q. .3 ES 0 0 .9O " . .
630 2e95 53o7 1.3 42.3 14.6 31.9 20.6 34.6 ".. !3.4
631 10.4 4799 1.3 12.7 1.1 37.3 11.6 4A.5 -10.1 34.
632 4.4 37.6 8.5 3P.4 7.8 39.G 14.7 55.5 5.4 62.3ad"3 . 60' so.; teo f. & 3 4 0 * 5 e : 9 t •
634 .3 32. 2.5 31.e2 17.9 2.1 5.5 26. E-.1 4496
635 11.1 53.4 3.1 23.9 4.5 4690 -10.0 53.1 l.ea 573
636 Z.6 15.1 4.3 17.3 -. 14.4 4.2 21.7 -. 5 23.6---*-37- 2 .4 103 .T -.6 3 ; is -J.1 2 1 .) S.% 29.4 -. 6 2?.. -
638 15oS 48.1 8.6 2a.4 5.1 45.a . 42.4 '.0 59.7
639 2.7 28.3 3.1 21.8 -!G*C 43.5 6. oP 3.!I5 I8. 5.4
4640 2!97 42.& 13.2 37.9 9.2 22.6 1*4 46.9P 15. 3495

642 13.3 59.b 4.0 25.0 6.8 29.1 6.0 17. 2.7 37.1
643 16.5 40. -180 28.3 3.9 30.2 13 56.1 Z.6 27.6
644 .8 35.6 4e! 6!.3 4.3 'a*7 24.6 45o 2 E.o 41 .5

-645' A¥. d 4803 -7.b -1.* 23*0 wU* t*, Z 0e. 2 ' I"-
646 11.3 36.5 26.4 37.1 19.5 36e6 13.6 33.: 1.3 46:4
647 -10.0 b4.3 12.7 34.4 13.8 38.9 11.8 44.7 =.1 28.6
648 E.1 33o3 14.2 !5*b 16.9 65.3 14o5 67. 12.2 6.5
6" .-- e-.7 6.eo.n 140! " 10 -a" ge

650 12.9 46.7 1.4 24 .1 .4 52.6 .4 26.3 -1, . 25.1
651 14.0 7C.3 4o2 17.6 .5 !5.6 15.3 31.5 .1 11.1
652 .4 54.t 1.7 32.0 7.6 '4.1 13. 6 52.' 1. 2 5o.3

654 7.7 33.2 13o3 "4.5 7.0 50.2 -10.0 .o 1 C.3 2.7
655 4.1 31.6 20.7 !5.2 3.0 35.8 19.8 44P. 21.9 46.5
656 6.4 39.,1 6.3 43.2 12.9 42.3 4.2 41.2 6.3 40.7

-657- o . do -2-.. t 1.3 5 96 T2! . op -2.5 Tt =-.
658 2.5 53.2 10.2 21.9 -10.0 23.9 13.5 27.7 l"., 32.7
65's S.5 25.5 18.7 Ae.6 16.4 47.o2 1,.2 !1oC .4 3c.o
660 15.3 5d.5 11.1 N4.4 17.0 392 12.6 31.4 !.1 130.9

....-661 *a,0? 54'-. " 7@t -V u ?' "* 18*; 3 96 4";O * -To-
662 12.6 31.2 -13.0 7.2 25.7 50.9 37.1 48.6 16.3 26.4
663 4.4 37.1 e.o 26.3 16.0 4".1 17.1 52.1 7.6 2 .1
664 f.5 47.6 1 Co 50.6 1.6 !0.8 15 a a 64 . 1.4 !2..

-- 665 2! VI5 Z 2 -- r -9 zr. 0
666 -15.3 50.1 -. 2 25.5 7.9 23.6 7. 31.3 P.5S 22.3
667 -1.1 5.3 7.0 34.8 b.1 36.3 12 .5 30.1 S.7 47.1
668 11.5 31o5 -190 41.1. 13,6 14-1 16.5 50.C -1.2 56.3

670 2.3 41*7 5.3 21.3 3.6 !3.1 . 20.7 2.7 31.0
671 11o7 47o2 -1.6 1 -3 2.2 23.1 2.6 62.6 1.7 43&7
672 3.2 68.9 17.5 29.9 1L .2 26.3 14.2 20.4 .5 55.2

-S-73 C C 039t -T . i--T,• . - -02 "

674 1.7 67.6 11., 43.4 20.9 42.1 22.7 46.1 -43 5 1.
675 1'.8 35.7 12.5 72.6 5.6 44.5 4.4 !4.2 .1 27.1
676 C.7 57.0 22. 39.3 !1.4 52.3 9.7 41.S 22.6 !9.E676 1*2 1 !o . I.. .. . . .. . .. . . . . 0.5 . ..... o7

678 A.7 32.8 18.2 ll.2 2.6 !9.3e 1.2 21.3 Z ! '?. E-
679 4.7 35.4 -.3 34.2 10.3 !b.6 14.? 6.3 !.0 19.5
US L S..3 66.. 14.3 ?9.9 4.3 41.2 18. 3 3F.8 C .7 33.3

682 f.6 56.5 3-.5 4.i 11,2 '6.7 . 3 33.2 1.1 '47.6
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SEPER ' CrAL VEIFICATION PROGRAM, TEST GROUP I-A
FIGhTE BASIINE TEST (CONrINJED)
TEST F-B-2, AIR-TO-GRUND MISSION, DESIGN LIMIT STRESS (DLS) - 30 KSr

683 -- r.5' .3" 5 .0 u i, Eom 7 -1 *2 4,3 1 . 7 -ZA.; 2 1" E .0--=0-3 , -

684 16.5 46.f 24.5 45. e '0.6 59.0 -94 .36.1 2. 76.*4
685 -1.0 51.6 4*.q 31.1 I2.2 Z9.0 11 .8 24.9 6.2 52.3
686 35.4 60.6 11.3 31.6 2.4 20.0 9.2 55,C l.,4 37.0

-697" ! 2!.2 5---- * -  7., v 2 7 It b o:.', .1 0 w -F.5-fid8 !*7 lob log 30.5 1b8.95 6o2 4e9 34o3 -1. C, 7497

689 1.,9 3898 21.1 73.0 -.7 44.6 2.4 33.4 1C.1 51.2
69G w.6 26.7 6.7 37.1 6.6 49,4 5.5 44.4 6.4 24.7

692 E.5 21.2 2.3 "9.3 "5.4 46. -21wC 25. S.S 1?.6
693 22.7 39.5 ee1 56.8 19.9 44.7 9.2 3DW. 1.! 4.8
694 23.1 3&!- 111!~ 6.6 55..i .3'2.2 15.6 4?.7

696 13.3 57.0 1.4 45.6 -10:0 6i25 3.5 47.1 15. 52.1
697 l.ol 42,4 1f.4 44.0 6.2 !D4 99. 43,.5 6.l 21.7
698 .5 26.2 15*3 27.5 1,3 24.1 4,9 26.2 1,3 _4.3... * , 9 8 1 4191 eel 2 E.0 ab .6 z o U I. 4,9.U-
756 Z.3 17.3 -10o.O 21.2 9.3 41.4 13.9 33.3 2e1 !309
701 4.2 31.7 o4 32.1 .3.6 35.2 14.3 29.4 7,9 25.2
702 !.4 2e.7 Z.5 F2.2 2.1 .5 10.4 v'.l .1 !907- 703----- 4 %,i lei 4 !.7 1 !12 2392 1.: q 3.F , - -
704 -1:,g 39.9 Sea 26-0 2.4 36.1 6.5 24.7 IC.5 36.1
705 6.6 52.4 8.e 32.6 3.0 32.2 11.0 21.9 4.0 49.8
706 3.5 26o6 7.1 24.7 9.7 73.5 17.7 33#P 2., 3P.7

708 E.3 50.*4 la.5 35.7 10.0 29.0 13.4 3602 1. 41.0
709 18.3 40 * 0 20o3 640 763 5797 17.1 27.3 !.6 30.7
710 5.0 37.r 12.7 29.7 .5 47. -3.6 57. !2. Z 9.4--7ir" see- 286 -120- Z36,- 2 !2 *2: !f- U . o-t%;%-- 45 . f-, i.2--
712 e.,5 42*C 17,4 4!.*J9b o 4, 1,6 706 .,7 0! 1 :,o1 41o6713 1,1 533 4, 7;.a 12&4 2e Sa7 ,. 2 .. Z,.

714 2,1 36,6 4.1 36,1 6.8 Is.1 2.4 36.7 2!.e -28.2715 " --"; 0- -2. . -5 32.3 -La 0 Z4 .6 3.. . Z "- '' 17.-4 b Q. I

716 4o7 27.6 ,3 45*4 1.9 Z6.f2 -1.5 6*0. 1. =  '0.1
717 -*1 31.3 12.3 37.R 12o6 50.5 C{4 E ,. . 2 6.4
716 *,. 44.7 k.2 49.3 6.4 38.3 1.l 25.3 f.E 3'.3

720 25.8 43.2 13.3 32.2 11.1 26.1 5.5 72.1 9.! 31.
721 1C- 41 f7 #2.0 -,1 22,8 -1.7 42.5 1 . C 4.4
722 !.7 470? -o1 41.4 7.h 3 0.' _.4.7 31.8 1. 3 .2--2 " - -' 2 It "*1 43*1 Uu, &;.j *27.fu Z 1 *; C-Z-
724 2.2 34.9 11.4# 27.3 0.0 28.5 17.4 55.S 22.5 38.5
725 o.2 42.2 12.4 58.0 7.8 36.4 24. 8 39.4 2.5 46.E
726 2.5 46.2 17.5 40,6 ':4.6 45,5 7.9 !2.6 -1?.O 53.2
" 2 --- 29.4- 14ou 2 o 1o- I ; 'irT 7 ..--r-- !- 4 a
728 6.5 30.5 14.oI 45.5 "S.5 49.2 f-*7 66o6 17*4 '?. , o
729 7.3 43.2 8.3 28.7 16.9 43.8 14.2 46.5 15 .7 '5.1
730 71€_ 39.6 Co, 2590 1.8 60.7 -123 43.1 2.4 34 .4

732 15.9. '6.6 7o4 32.2 1.0 351 16.1 28.E 16,.w 2Pof
733 5,2 54o7 9.6 b5*1 "b.3 51.7 .* 141 .. 72.2
734 6.' 46.6 22.4 46.3 -1 ,.0 24.3 6.5 24.6 L.7 34.7

"-3 -'- - ;6, 2, 1 8 .0 ', 7 .m i O , " IS *, 2 -'-*2---' lot --
7j s52. 3 1.5 67:Z 15.7 13.4 7-t . -!I5 'S 2 4

74 38.7 28.6 67 0 1.3 20.2 3.6 37,. 21.7 3-.8
738 1.3 37.6 -10O 37.1 9.2 26,8 9.6 26.0 6e3 32.134 .9 -.8 I** .-r 15. .6 45.1 -.2.1 52 .3 -u. S 71. --
740 2!.2 38.0 -,1 !3 17.6 .41,6 1 .6 42.5 .7 29.4
741 14.7 32.5 7.! 33.6 3.-2. £8.8 80 ,7 0,: ,.5 !..
742 1Co0 40o4 -.5 17*6 -o1 24.7 13.7 3. 2 Z .7

744 .7 33o. 8,8 51.5 27.4 47.5 11.S 4?.! 12.
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ECERl4ENAL VERIFICATION PROGRAM, TEST GROUP I-A
FIG-rER BASELINE TEST (COWLNTED)
TEST F-B-Z, AIR-TO-GROUND MISSION, DESIGN LIMIT STRESS (DLS) - 30 KSI

745 -- 7T -
746 1C,4 41.9 .8 R2.8 1.8 t.1 1.1 32.6 21.1 45.5
747 .7 11. 1.2 46.5 27.2 50.5 2.1 50.! -4 24. '
748 !.4 28.3 13.6 25.o .6 42. 9.4 45.* E.3 29o6
79#9- !'- ca ' . 70. 170. *4* -LA .. u ."b *.. Ej, ' "

750 17o. 49ol 21.? 4!.2 2.7 45.7 1*5 4394 ;. 24.1
751 !.0 19.3 -3.9 21.5 14.8 .6 24.6 53.E 24.P 3.7
7J2 92 65.a 2.2 36.7 5.1 34.3 12.6 36.5- 1.6 65.67 ---- t 1 9---24 ;W- T 2 .* 4 B- U-7 -= o' ,j , .O, --n A  3 2 .- 1 F - ---- 5
754 4.i 33s.i 7.7 1e.5 5.4 68.7 9.0 52.6 S.d 57."
755 2t., 5 . ' .4 23.2 13.1 f6.3 38.1 JaE Z C. 54.6
756 1.0 29.3 !.2 4 .4 20*. 70.4 14.5 41.1 24. 5!.7
gi .*- -- STO ~ al U a u ~ J ;; 93 13 9- 2 1.0- r i r "; 6 -~3
758 8.e4 35.3 11. 34.6 12.3 66.3 -. 2 53.1 27.1 3.*3
759 E,6 56.6 24.1 63.3 9.6 33.5 1.4 45.7 12.5 40.2
760 15.0 3F.7 !.4 41.3 3.0 25.1 2.4 4 .1 .3 37.7
76I1 U:e3b . efl 2C.4 38.3 .3 45.1 21a2 51.7 2.5 52.4 3".1 659
76 8.2 42.2 7.2 44.8 1G.7 40.1 4.2 45.8 3.6 3!.4
764 v4 32.6 5.0 44.1 1.4 15.7 -4o4 40,9 -10.0 34.3

766 1-.5 26.8 13.7 31.3 11.0 29.7 4.9 43.2 1.4 32.6
767 11.6 37.2 -. 1 26.4 d.6 62.7 1.0 33.6 '.2 58. 4
1 11.6 4A0 2 7 37.5 6.3 59*3 -12.0 38.4 19*8 43.0

770 4.3 42.9 .2 45.1 4.8 36.3 21.! 31ol 1..1 42.0
771 13.9 40.4 1.4 37.3 1.1 25.1 6.3 35.4 6.0 2,.2
772 11.6 21.8 6.5 42.7 -10.0 55.4 3o6 l.6 196 61.4

774 1.3 290.7 7. .0.7 .9 6.6 11.5 23e.! .3 20.8
775 1.7 17.3 4.1 23.5 8.3 76.0 2.0 36.1 2C. 43.3
776 .1 18.8 -10.0 21.1 4.0 34.4 0 .C 11. G. 17.6-777- - 2.,0 ,4 ";-* 9 q.,1 2 9. Is .3 E1..3 13.-j 5,; . 1 .3 .-
778 2-5.8 3a.4 12.1 36.8 .1 51.2 4.2 37. 12.1 55.1
779 24.2 34.F Ee1 24.1 .9 4J.8 31o7 4q.2 5.7 23.3
TUG -1C.0 39.2 2.7 38.9 9.7 31.2 .6 34.C 27. 48.5"-? - ---- *-.1 299- 2o09 20.0 -. -- .. t 1 05 39o 02 1;q -- 2 9;"-
782 12.9 .3.5 9.9 22.7 .2 18.6 3.0 31.8 1.2 360.
783 "1.3 20.7 2.8 16.7 .2 23.8 4.2 56o2 "1.C.0 35.6
764 1I.0 44.5 2.1 36.8 1.e 44.3 3.3 22.6 I. 22.C"-'85 z 0; 2116 1 of Z . 0 . ,3 ;.v o L1 .260a b I 26. 1 a. 2 E; T-"
786 7.8 17.8 1.1 35.0 -1.2 41.3 9.2 22.4 -. 2 22.8
767 3.6 28.2 7.8 34.8 1.1 76.2 -1G.0 48.5 3.1. 35.5
788 6.3 35.0 1.7 24.9 14.4 26.3 11.1 61.6 6.6 21.2

790 4.2 56.2 1.6 21.4 4.1 41.5 .5 iS.!. .5 49.3
791 .9 16*. 1.1 27.5 -10.0 37.3 3.5 28.6 8.5 39.2
792 .3 32.7 q.7 23.3 3.6 18.4 3.4 34.! 1.7 51.1

794 21.7 4q9. .5 23.8 2.7 18. 5.4 46.! 11i* 6E.6
795 .o7 35o2 -1.3 33.5 12.7 34.7 13.9 28.2 1.r 27
796 5.8 22.2 .r 9 -. 1 40*4 11.3 30.5 .5 .-797"- go I .a=E I T'. If ,23.1 :. 3 a .,2 23.3 ",:1 ,,t "Z.r. 4 r .. ;?.- 5-T-. Z-
798 -2.8 42.5 12.0 32.6 10.7 31.6 3.3 70.0 2S.2 47*4
799 -1Co0 4. . 6 9.2 22.5 -. R ! 1.6 ,5 25.1 .2 30a
805 2Co3 51.9 4.3 19.1 i.7 19.3 1.8 38.1 11.4 2.5a u Iz.' a 3 95 . 2 + 93 ,+ , 1+ 3 a I. # - + . , ,4. . ..Z 4 1- .*- ' 7
Sol. G. 0 54.3 1,4 31 *1 12. C 4.5 11.4 31.7 -C . C 3 8.

803 .!:4 26.4 .4 42.1 10.3 50*. 2.7 65.4 17.6 57.5
804 14.7 38.6 12.3 .,5 16.5 1A6.'3 .. .: 0.O 29.8
806 2.8 32.4 0.3 66.9 '1.4 43.4 *10.0 23.1 .1 31,.4
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EIERDEN AL VERIFICATION PROGRAM, TEST GROUP I-A
FIG{iMR BASELINE TEST (CONrINIe)
TEST F-B-Z, AIR-TO-GROUND MISSION, DESIGN LD4IT STRESS (DLS) = 30 KSI

80 --- -i'7-- 4-3-.----- .= -  9.1 3. 7 -9 If 3.2 f!' - -z. -- qn* r -

ac, 2.7 25.1 Z.2 51.6 13.4 26.1 2.7 ,"5o4 1:.2 3f.0p
toov 16.5 35.4 2c,. 43.! .  2&C 51.5 25.2 43.e 16.2 32.4
810 8.5 1.7 7.3 2.1 -!0.0 40.3 2.9 2ba6 17.3 57.6
15 11-wt:-a5: 3. 7.3 ~. 7 7.. !. .9 34es ue.67
812 1.1 23.5 1.2 33.5 1.7 12.4 7.3 18.1 2.6 2P.2
813 14.2 4..6 C90 2!.1 6.7 4S.9 -o6 7".7 E.! 3.
141 1.3 43.2 -1.0 !3.6 2.6 13.6 1.7 57.3 !E.1 50.2

816 13.3 34.9 7.3 28.2 .7 !6.0 14.7 42. 17:8 61.
617 11.8 26.0 e.5 36.7 9.8 E .0 4.3 25. 11
6,8 -l.0 2 . "  =. 55.0 . 2A.6 4.6 7h.C 14.1 37.1
822 !. 35.4 22.5 53.6 2.8 34.4 .4 25.-L ".2 60.
821 2.6 48.6 7.4 26.7 9.5 26.9 9e7 35.7 -1C.3 23.2
822 1.0 21.5 1.3 55.5 9.5 41.9 8.6 42.! Z.4 3 GC1

824 1.5 40.8 2!93 43.5 13.6 3.0 1.9 38.3 E.. 36.6
825 18.8 53.3 10.9 22.6 3.2 49.7 -10.0 27.5 5.4 16.1
826 1o5 34.1 e.7 27.6 1.9 !2&0 18 &9 55, 12.2 25.8--- e'2? * a "9 554 -- - -! . .0 e 0 -7. 251 *! A " 01 1!•z 2
s2s ..5 38.2 5.2 49.2 5.*4 19.7 .7 13.5 -. ? 29-.2
829 5.4 63.2 4 5.6 59.1 -70.0 27.9 0.0 44*. 12.6 32.
630 e.8 29.9 3.9 20.6 1.5 33.0 -1.7 37.4 12 & 37s3

-831 -- ,. 0 -- 0;. 31*.0 16~ ",.- 2+. "8- " s* 00 1*! . Z3 6 -- r-
e32 a 4 32.5 18. E 4a.S5 11.0 !2.6 1.a' 44* 1.9 344
833 If.8 2 *4 -10.3 5!.3 3.4 56.8 5.6 21. . 55.2
634 1!.0. 2.o4 .3 25.3 4.5 !6.1 11.7 52.5 2.2 37.2

836 21.3 45.3 10.3 47.5 .6 37.6 13.G 56.3 14.3 33.4637 -lc.o] 15."' 4 th9 A* 9.' 13o5 Z707 4.S 51.2 E.7 22.3
838 11.5 22.2 9.7 53.3 10.5 37.8 .3 73.0 e. 2s. G!* 1862 a j. a;) 63 4:. Sea . 6 39*2 e . '2 .e
8411 5.3 28.3 11.7 70.7 -. 5 36.7 25.3 52.2 -12.3 24.5
841 S.3 36o0 4.5 43.4 23.5 !7.9 9.6 37. !.. 43.3
842 5.a 49.6 1.6 q2.# .1 2C.9 .2 24. 21.5 42.C

844 .6 24.2 m.3 !4.6 6.2 t8.*4 -1C.2 4 1.2 16.5 37.2
b45 13.2 62.5 29.3 53.4 3.1 Z6.1 7. 77.3 11.4 40.7
846 e.7 29.1 1!.7 AC.5 19.7 '4.9 8.3 34.1 15.- 31.
$48 1!*,0 29*2 17*5 3 q,2 -13*0 41*4 19:.1 5;,0-  14.1 3M."
849 .ad 26.*3 10.5 23.6 4o7 26e9 12.7 3-9.6 20 .5 3e.5
85C 6.2 30.S 11.5 43.1, 1C.7 44. 12.3 26.0 7. Z5 .1
&52 11.2 35e1 -10.= 1R.9 292 21.9 71Eo e lei .. 1TO-Z
853 2.3 29.1 .4 38.0 20.4 4C.7 14.2 33.1 12.6 43,5
854 I 3 30.3 18s5 33.3 3. 6 42.0 .7 29 5 2 # '' 30

856 -lC.0 27.0 2.4 49.6 23.2 4 4 .4 26.7 2.1 54.7
857 .9 25.2 9.0 32.9 6 . 26. P.7 6!. I -. 1Q*0
858 .3 36.6 20.2 34.b 16.1 4'-!. 6 2.2 23.7 -1. 2.C

860 4ol 50.1 21.3 45.7 3.3 Z3.1 5.6 36.8 1. - 57.
e6l 2.1 3:. *2 41.1 21.4 .5.0 12.6 66.- 7.7 4=
s62 6.3 27.7 1.4 '7.9 1.1 47.* Cos 330! 4 Z 4 . .

864 4., 65.7 1%C 45.8 19.3 !6.4 3 .8 38.5 1.5 32.2;
865 2.9 3b.4 25.7 55.1 2.6 28. 2.0 1. -. 6 .
80;6 6.6 22.! A.! !9.l 2.7 :7.5 15.3 13.' 10 I'2.7

868 16.9 39.4 1!.2 34.5 1.9 !.0 17 .9 11.6 11.3 '2.3
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-ERLNEM'AL VERIFICATION PROGRAI, TEST GROUP I-A
FIGHTM BASELINE TEST (CONTNJED)
TEST F-B-2, AIR-TO-GROM MISSION, DESIGN LD4IT STRESS (DLS) - 30 KSI

87G 1C.0 44. S.0 36.0 5.1 !7.2 13.4 27.C 2.6 37.2
e71 ;05 55.6 1C 0 %, 315 .6 20.7 59 74. 14.2 6,2
s72 1.3 36*, 7.6 77.7 15*8 36.4 19.5 6791 S.1 38.!

874 1!.0 56.4 3.2 18.9 7.8 467 7.3 49.0 60! 18.5
875 -C,0 53-2 -.2 25.7 13.6 43.0 13.9 41.1 2.7 18.9
e76 2.2 24.0 13.6 25.2 ?S.7 7.1 1.6 2,. Z0' 4905

878 ?.2 32.8 14.6 37.G 14.9 40.5 4.3 500. -1: 37.9
879 5.*1 20*3 8.1 42.* 11.5 46.4 -. P 35.P .2 5b.1
8e8 !.7 33Z.4 2.5 47.8 -,7 307 7.2 22.C =,1 37 3

-- war-Ca . sr. . 1 ; 0 vU 530 10. 2qt 1 fI* I - * . 6I.r

882 *1 24.9 4.3 51.7 10.6 23.5 -10.G 30.2 .4 24.3
8W3 2.1 53.a 14.1 44.2 17.2 43.1 8.4 36.7 2C.4 50.5
884 1.4 30.3 !.4 io5 27.7 41.8 6.2 68.1 4.1 55.1

886 42.2 53.1 3.1 41.4 -19.3 651 3.4 37.4 .4 p0o8
887 35.4 5 .3 0.0 24.0 597 27.1 1.4 24*. 7.5 60,4
88 -. 1 17.6 7.0 44.3 8.7 38.0 2.8 32.3 0.0 37.3

8-90 1.6 21*. -1C* 3.03 19.0 !5.1 8.6 29.6 1%,4 51.3
2! o.2 51.3 15.3 33. 5.1 !605 91 25.6 7.3 50.5

-. 36.7 52*4 14.6 52.7 1e1 43.2 -2.0 36*5 1%,2 37.8-9 -- -o'2--6279. -of t; 5.4 ~ .1,04 It3 0 1 .fo r q "- ,1

894 -1C*0 38.2 .4 45.1 24.0 -2.1 293 17.s -,4 19.985J5 -oE 29*1 11s5 ff,,7 -7,2 22o2 11,1 =,-&1 -, 3700

2.7 35.6 10-2 .4 2.6 44.7 23*. 7.e 1.2 730

898 1".4 43.C 4.3 !0.3 .2 61.6 7.1 46.1 4o3 25.3
899 11.7 54*9 3.3 6090 2.1 4C.3 18.3 34.1 1!.5 25.7
900 A,8 25.8 E.1 .2.3 o7 -1.7 3 ." 9.7 14,4 28.7

902 13.3 44.1 6.4 -1,2 -2o2 2290 990 24,7 C .3 34.6,
903 -. 4 50.2 9.2 65.9 9.2 26,5 3.0 46.a. -. 2 40,8
904 1Z.1 71.0 ." 2*7 14.9 4o2 1997 42.! 22.*6 43,.

906 4.5 26.3 7 24.1 12.5 43.3 -. 9 6,.- 2o7 23.1
907 o2 51.1 .4 58.a .4 .0 4.8 23.2 5.5 .1.
908 17o4 33.3 6.2 35.4 1.1 48.4 11.4 50.2 1:.1 21.7

910 .8 4105 1.7 4.,0 498 24.0 9.3t 4 , Ee ! 7 .4
911 15.3 34.3 1-.3 37.9 13.6 31.3 00 33.2 .*3 2797
91 1 2. 412 I5 7. 3!4 40.4 27.4 47.E 0.0 42.6

914 .*2 52o' 0.0 F.,2 8.3 -1.3 2.7 &^ 2;. 0 .GE 32.0
9 15 S,2 2 9o- -'-1o '4,8 75o1 440e 1o4 !DOC 2d-,- 0! A.•2
916 27.2 64.0 2.3 45.5 10.3 27.6 4,p 30.3 -1:.: 52.1

-9Z r !00 2 0'7 D. -- '"zo *L " 93 1 o2 t 07 32p -

918 .7 25. 8.2 32.1 11.1 32.3 9.2 2..P 7.! 2E.5
919 !2&2 24.5 11.e8 36.o 9.9 31.8 7.1 37.7 !.o 5 7,9
920 3-0, 490. 44 34.1 3.o9 45,i -13.2 e3oZ 1.' 7,1
?22- - 1* o1 aU 3.o 0 1* 0 2 a! X a
922 -1.3 20.2 5*a 47.2 0.4 Ale5 A,6 16.5 2.9 43.7
923 3.6 47.1 6.2 46.7 '5.4 59.4 13.3 52.4 1. 41.6
924 Z.5 42.1 IC.C 37.7 -2C.0 32. 4.05 44.. -. 6 .27.!

926 4o4 24.4 e.0 37.9 14.8 40e7 12.6 35.C IIo,, .
927 1C,2 29.9 6.2 53.9 5.7. 45.2 10.6 28.4 b .a 23.2?26 €.,9 44-. -l.C , 0 -3. 4, 'k 4. 170 " 5,' s.

")2= 4", 2so. - ,, P)-' ' 0 '1 9 .'2- 47;" -- T' ' To":!-

930 12.0 46,3 27,3 49o9 1220 25.8 13.3 57.1 .2 439
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9 EXPDNOAL VERIFICATION PROMAM, TEST GROUP I-A
FIQUER BASELINE TEST (CONT4 )
TEST F-B-2, AIR-TO-GRO,) MISSION, DESIG4 LI IT STRESS (DLS) - 30 KSI

931.. 54 r.-3 r. u b . 4.-42 - 7-4-5.7932 -1C.0 4 1 1.3 31.6 12.3 46.J. 11.2 '3.1 .3 55.9933 1:.4 4.92 12.1 27o2 10.9 '7.1 1.1 66.q 13.3 !p&8934 !.0 37.7 11.1 35. *!.o 46.2 19.1 35.5 2e3 27.8-" T - ",14 *3 o _, .U *,J Zb. o Q c b e:o I , *.,96 ,. o --1";- ou, ---
9!6 .1 18.6 1.8 34.5 11.1 29. ,  8.2 24.o4 2.5 3.9
937 .9 49.4 4.5 25.3 61 23.9 13 0 46,F 1.6 27.3
538 .,4 28od 10.2 35.2 1C,2 40.4 27.7 !0.1 11.1 25*.1

940 790 18.4 6o6 20.4 4o7 30,9 4.2 40.1 21,1 70.0941 S.4 34.0 23.3 52.3 6.6 73.5 2. 311.0 -3.5 42.7
".9 4 .3 4 8 .4 - ,t* 2 8 * . . . I .5.7

944 7.2 32.1 10 7 46.3 14.1 44.6 6.7 21..! 1.6 44,5945 .6 37.8 12.3 46. .2 49o8 10.6 20.7 4.7 27.0
946 6.2 41.1 16.7 42.3 10.3 52.9 23.1 44.9 3.7 27.4

-u 42.3 14.2 3 1 . 5 I o 1 -.---. 447-- 4 r-948 .7 4,.' 6.7 54.6 2.7 16.7 1. 44.! 11.5 49.0
949 i.6 42.5 1190 27.1 -. 2 30.1 19.9 43*.3 .P 47.0950 4.5 31.5 1oe ,7.1 6.7 36o 14.5 27.1 1.5 42.5

ub. . Aw 07 z 0 1.07 3 z 4;, .Ze ±1701952 Z.9 54.3 5.7 26 3 -*2 36,8 3.6 27.1 3.1 18.2953 !.5 2Fo4 1.3 24o8 5o3 4S.2 13,3 :52o7 0-4 26.p954 1*0 35o7 17.e 2e.6 l800 '0.2 1.0 ;,. -10,0 26.1-9 i,: o ou+ f.d ,+, .,% '00,4 ,4 .99 9. e U . +4-- 6;T-5.';
956 10.0 24.5 3.4 16.0 5.3 33.5 20.2 36.0 4*.9 35e.2957 .4 54*2 26.1 3!9.3 1.6 3G07 4.7 20.5 -*2 31.6958 f.0 5.o2 2c.! 4 ' a0.9 ! E . -10.0 !1,C 6.: 51.'"95.7---' M! zag 2', ,.0 3291. "1,7 E-90Z tos 0 +. -=oZD1 -, 7-7--"
960 E,.1 44o3 15.3 47.7 o5 15o0 3.2 2-oa 4o7 50.6961 13.1 29. .4 12.*4 5.1 37.4 14.9 37.0 q9 2  37*7962 0.0 47.0 10o2 27.2 -10.0 45.0 .7 49.2 21.E 36.6

164 1*6 21&6 .2 43.3 17.3 29.4 17.6 54.! P.0 51.s965 7.6 35.4 t*5 33.1 ae1 2494 13.1 3994 !.2 53.7
966 5.2 53.5 -10.0 56.1 5.4 36.7 7.3 2-.a5 0.3 29.1-- 6 " ' - ;0 6 3 . . , 1 F z 5 , 0, u€ , 9 0 -7 ? 4 0 :-. 0 2 ." - - " 7 ". ' 1
968 ,9 31.R 1Co1 32.3 !5o3 !54 1.7 5!o! 1.2 4s.'969 1.s 63o4 ,e 24.0 4.9 46.7 1'Fo 34.e 27 11.6
970 10.0 21!4 19.3 29.4 -. a 385.6 5.1 32oF 0.0 47.5- 5- 6. 7 .5 "38.3 '1 5 .u. Z I .- r- I B. .I .I --
972 .1 31.1 3.9 36,a -. 6 26.0 9.2 25.7 7.3 !8.8973 -- *3 412 17.6 42o7 13.3 74! r;,7 21o -2, .a 3e.9.
974' .9 21.6 11 6 48.0 5.8 f.2 24.4 35o4 . 57.4
976 3.1 41.j 3.5 31.2 19.0 34,R 15.8 47.5 2. 5 34.Z
977 !.6 48.5 13.4 70.o -1.7 21.7 -10.0 6Co! 2.C 25.2978 1o3 4 34 .6 ?,604 12.7 . o! 5.4 195 6.91F f7.7

-" .4-- E64 .;+. A.. 2.& 3, 9 s- I.3 .- ----2I F--5' r-980 I,7 56.2 14o4 59 12.4 28.1 12o4 33.4 22.' 37.2981 f.3 47.7 10.1 35.1 -10.3 .5.7 25.2 '17*2 21.5 6 .c 4982 1.,1 57.1 31 44.0 ^2,j. 42o. 17.7 .- 11 14,7 2P.2--983 1*." 39°0, sou a I,.1 1 .9 44. 0 u .z , o aZo ! t 14~ T.F-
984 16.1 37.2 18.3 o5,1 -4.8 23.7 3.2 !8.5 79! 24.7985. .6 17.1- 1 4. "7.8 1.6 63.8 3.2 30.e 5.2 '5.7966 14.7 9 24.0 4.0 66.2 -1. 35.7 7.5 0.6
988 14.0 29.6 1.0 5 3 3 12 1007 48,6 S., 26,7
989 -1.,0 31oI 4o3 4!07 2.2 13e3 F,. 075 10 , 61.*990 !.1 #L. -. 5 43.3 13.7 !C.7 1.9 53.11 2.4 25.2

.- I ; , 21! Za0 ,7o 7 I J - ., i 0. 9T
992 1163 48.9 1&2 24o2 !2.5 32o. 1.1 9. -1c.o 71.0

4
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EXPERD4ENrAL VEIFICATION PROGRAM, TEST GROUP I-A
FIGMIt BASELINE TEST (OONLUDED)
TEST F-B-2, AIR-M-GROUND MISSION, DESIGQ LIMIT SnESS (DLS) - 30 KSI

-993- 1 e3--l2; '--- -- 26 , 7.5 .*2.7 0.6 3. a - .- -

994 1.4 26.1 7.7 53.7 9.6 56.6 1.2 34.5 1 .9 42.8
995 -.4 42a .5 35.4 17.1 4#.7 .3 57.7 3 1.- 44.0
996 1.97 42.4 4@,  , ,9 .9 24,7 -10,0 a5; 2496 47,!

.- 4 " ;. 33.5 2' ' 4 .1--
998 l2,5 45*6 .5 198. e., 3.5 1.7 28.5 6.0 9'8.1
999 1.3 30.4 4: ;7.3 -.1 22.6 7.8 51. .! 9o.5

1000 .d 47.6 13 23.f -10.00 o.o a.0 0.0 .0 90
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